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A3STRACT 

This  r epor t ,  i s s z e d  by GSFC's Sowding  Iiocket Ins-LmTentation 

Sect ion,  conta ins  a l l  p e r t i n e n t  engineer ing data on a c t u a l  flight 

iEstrul;lectat?on ax1 desc r ibes  the f i i g h t  of two Aerobee 150 payloads. 

The purpose of t k s e  f l i g h t s  was t o  p -2 ic r  sc ie ; i t : i f ic  in format ion  on 

ve ry  101~ ene rgy  cosn;ic ray heavy nuc le i ,  a s i n g  a r ecove rab le  2ayloa.d. 

I n t e n t i o n  of t h e  r e 3 o r t  i s  t o  i l l u s t r a t e  the f u n c t i o n  and p e r f o r r m c e  

of i n s t r m e n t a t i o n  supgl ied  by this Sec t ion  and not  t o  p r e s e n t  a n  

malysis of e i t  IE r data o r  v e h i c l e  performance. 
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SUMMARY 

This  r e p o r t  is one of a series i s s u e d  by the  Sounding 
Rocket In s t rumen ta t ion  Sec t ion .  Contained is p e r t i n e n t  engineer -  
i n g  in fo rma t ion  concern ing  the  i n s t r u m e n t a t i o n  and r e s u l t s  of 
Aerobee F l i g h t s  4.107 GE and 4.108 GE. 

S c i e n t i f i c  o b j e c t i v e s  of t h e s e  payloads  were t o  s t u d y  t h e  
very  low energy cosmic r a y  heavy n u c l e i ,  u s i n g  a r e c o v e r a b l e  
payload.  

I t  is t h e  i n t e n t i o n  of t h i s  r e p o r t  to  i l l u s t r a t e  t h e  f u n c t i o n  
and performance of i n s t r u m e n t a t i o n  and t e l e m e t r y  equipment 
s u p p l i e d  by t h e  Sounding Rocket I n s t r u m e n t a t i o n  S e c t i o n ,  and n o t  
t o  p r e s e n t  a n  a n a l y s i s  of e i t h e r  s c i e n t i f i c  d a t a  or performance 
of the v e h i c l e ,  
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INSTRUMENTATION AND FLIGHT REPORT ON 

AEROBEE FLIGHTS 4.107 GE AND 4,108 GE 

INTRODUCTION 
\ 

A c t i v i t i e s  d e s c r i b e d  i n  t h i s  r e p o r t  d e t a i l  t h e  f u n c t i o n  of 
NASA/GSFC's Sounding Rocket In s t rumen ta t ion  S e c t i o n ,  i n  s u p p o r t  
of Aerobee 150 F l i g h t s  4.107 GE and 4.108 GE. These f l i g h t s  were 
launched on 23 and 25 J u l y  1964 ( r e s p e c t i v e l y )  from C h u r c h i l l  
Research Range, Fokt C h u r c h i l l ,  Manitoba, Canada. 

Acknowledgement is made t o  John R a s t  of Sounding Rocket 
Branch ' s  Engineer ing  S e c t i o n  f o r  d e s i g n  and development of t h e  
Extend/Ret rac t  Con t ro l  assembl ies ,  d i s c u s s e d  i n  t h i s  r e p o r t .  

Primary purpose of t h e  payload w a s  t o  s t u d y  the  very l o w  
energy  cosmic r a y  heavy n u c l e i  by ex tending  t h r e e  l a r g e  s h e e t s  of 
n u c l e a r  emulsions from t h e  payload a f t e r  t he  r o c k e t  w a s  passed  
through t h e  major p o r t i o n  of t h e  atmosphere,  Emulsion t r a y s  were 
r e t r a c t e d  be fo re  r e - e n t r y .  The experiment  w a s  con ta ined  i n  a re- 
cove rab le  payload i n  o r d e r  t o  analyze the  emuls ions '  r e a c t i o n s  t o  
t h e  n u c l e i  a t  a l a te r  d a t e .  S p e c i f i c a l l y ,  t h e  b a s i c  exper imenta l  
o b j e c t i v e s  were t o :  

1. Measure t h e  f l u x  and energy s p e c t r a  of heavy n u c l e i  
i n  t h e  very l o w  energy r e g i o n ,  above a l t i t u d e s  
a t t a i n a b l e  w i t h  f r e e  ba l loons .  

heavy n u c l e i  i n  t h e  l o w  energy  r e g i o n .  

i n  t h e  low e n e r g i e s .  

low e n e r g i e s  and compare t h i s  w i t h  t h e  energy s p e c t r a  
of p ro tons .  

2 .  Measure t h e  composition and r e l a t i v e  abundance of 

3. Study t h e  r a t i o  of light-to-medium-to-heavy n u c l e i  

4.  Measure t h e  energy spectrum of a l p h a  p a r t i c l e s  a t  

RESBONS I B I  L I  TIES 

A pre-shoot  conference  w a s  he ld  a t  GSFC's B e l t s v i l l e ,  Maryland 
f a c i l i t y  on 15 January 1964. The areas of r e s p o n s i b i l i t y  p e r t a i n -  
i n g  t o  t h e  s u p p o r t  of t h i s  experiment and ,  i n  p a r t i c u l a r ,  t h e  
r e s p o n s i b i l i t i e s  of t h e  Sounding Rocket I n s t r u m e n t a t i o n  S e c t i o n ,  
were d i s c u s s e d  and de f ined .  (NOTE: Most of t h e s e  commitments w e r e  
n e a r l y  i d e n t i c a l  t o  those  of a p r i o r  and s imi l a r  experiment  flown 
on Aerobee 150 F l i g h t  4.91 GE.) R e s p o n s i b i l i t i e s  of Sounding 
Rocket I n s t r u m e n t a t i o n  S e c t i o n  were t o  d e s i g n ,  b u i l d ,  p r o v i d e ,  and 
i n t e g r a t e  an i n s t r u m e n t a t i o n  s y s t e m  t o  be compat ib le  w i t h  the  s c i e n -  
t i f i c  exper iment ,  o p e r a t i o n s ,  and range  r equ i r emen t s .  The i n s t r u -  
men ta t ion ,  s y s t e m  consis- ted of a f ive -channe l ,  FM/FM t e l e m e t r y  
s y s t e m  wi th  a s s o c i a t e d  an tennas ,  b a t t e r y  power, c o n t r o l - d t i m i n g  
and r e g u l a t i o n ) ,  and c a l i b r a t i o n  c i r c u i t r y .  I n  a d d i t i o n ,  Sounding 
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Rocket Ins t rumen ta t ion  S e c t i o n  provided power and c o n t r o l  funct io3.s  
( e x t e n d / r e t r a c t )  v i a  t he  t e l e m e t r y  s y s t e m .  Inpu t  t r a n s d u c e r s  f o r  
each  payload inc luded:  a l o n g i t u d i n a l  and a t r a n s v e r s e  magneto- 
meter, provid ing  s p i n  and tumble data;;  an  acce le romete r ;  a p re s -  
s u r e  gage and p r e s s u r e  s w i t c h ,  both of which were flown only  on 
F l i g h t  4.107 GE. S-band r a d a r  beacon an tennas  were also provided  
by Sounding Rocket In s t rumen ta t ion  Sec t ion .  The radar beacon, 
an AN/DPN-41, was provided and i n s t a l l e d  by t h e  Range, and w a s  
used t o  a i d  i n  r a d a r  t r a c k i n g  of t h e  v e h i c l e .  

Sounding Rocket I n s t r u m e n t a t i o n  S e c t i o n  a lso provided  t h e  
payload cont ro l  p a n e l ,  u m b i l i c a l  s e c t i o n s ,  f i e l d  s u p p o r t  e q u i p n e n t ,  
and personnel  f o r  both payloads.  

PERSONNEL 

D r .  C. E ,  F i c h t e l ,  from t h e  GSFC E n e r g e t i c  P a r t i c l e s  Branch 
of t h e  Space Sc iences  D i v i s i o n ,  w a s  t h e  P r o j e c t  S c i e n t i s t .  Aiding 
D r .  F i c h t e l  and r e p r e s e n t i n g  Sounding Rocket I n s t r u m e n t a t i o n  
S e c t i o n  were L. C,  Cas t agno la ,  Telemetry Engineer  ( l a t e r  r e l i e v e d  
for o t h e r  commitments) ; J. W. Cameron, T e l e m e t r y  Engineer  ( r e p l a c -  
i n g  L, C, Cas tagno la ) ;  and J. Ducosin,  Payload Technician.  Pan 
American's J. Cont re ra s  w a s  t h e  Range P r o j e c t  Engineer  a t  F o r t  
Chu rc h i  11. 

PAYLOAD 

Figure  1 i l l u s t r a t e s  t h e  c o n f i g u r a t i o n  of F l i g h t s  4.107 5E a d  
4.108 GE. The payload c o n s i s t e d  of a s t a n d a r d  Aerobee og ive  nose 
cone cover ing  t h e  i n s t r u m e n t a t i o n  and t e l e m e t r y  r a c k ,  a 15- inch  
e x t e n s i o n  c o n t a i n i n g  t h e  experiment  n u c l e a r  emulsion t r a y s ,  and 
t h e  parachute  recovery system con ta ined  i n  a second 14.75-inch ex- 
t e n s i o n .  Attachment of t h e  payload t o  t h e  v e h i c l e  s u s t a i n e r  w a s  
made through a severance  r i n g  c o n t a i n i n g  t h e  prima co rd  s e p a r a t i o n  
system. 

Ins t rumen ta t ion  mounted i n  t h e  s u s t a i n e r ' s  r e g u l a t o r  and tai 1 
c a n  s e c t i o n s  were connected v i a  t h e  shroud l i n e s .  

I N S TR UMENTAT I ON 

no 
t i  
F1 

Where weight ,  space ,  and t e l e m e t r y  channel  a l l o c a t i o n s  are 
I t  c r i t i c a l ,  Aerobee f l i g h t s  are ins t rumen ted  t o  provide  d c f i n i -  
ve veh ic l e  performance and housekeeping in fo rma t ion .  S ince  
i g h t s  4.107 GE and 4.108 GE were n o t  c r i t i c a l  i n  any of t h e s e  

areas, i t  was p o s s i b l e  t o  i n c l u d e  a t h r u s t  a c c e l e r o m e t e r ,  and 
l o n g i t u d i n a l  and t r a n s v e r s e  magnetometers. A t h r u s t  chamber 
p r e s s u r e  gage and p r e s s u r e  s w i t c h  were a l s o  f lown on 4.187 GE, but 
not  on 4.108 GE. The p r e s s u r e  s w i t c h  was a new d e v i c e ,  i n s t a l l e d  

2 
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t o  i n v e s t i g a t e  t h e  f e a s i b i l i t y  of this t echnique  as a p o s s i b l e  
a l te rna te  f o r  more involved p r e s s u r e  s w i t c h i n g  d e v i c e s .  This  f l i g h t  
a l s o  s e r v e d  t o  e v a l u a t e  t h e  t r a n s d u c e r ' s  r e l i a b i l i t y  under a c t u a l  
f l i g h t  c o n d i t i o n s ,  

The t h r u s t  acce le rometer  for each  f l i g h t  w a s  l o c a t e d  i n  the  
main d i s t r i b u t i o n  box on t h e  i n s t r u m e n t a t i o n  r ack  ( see  F igu re  2 ) .  
Long i tud ina l  and t r a n s v e r s e  magnetometers were l o c a t e d  on t h e  t o p  
deck of t h e  in s t rumen ta t ion  r ack .  On the  second deck were t h e  
magnetometers' e l e c t r o n i c s .  The t h i r d  deck c o n s i s t e d  of t e l e m e t r y  
and i n s t r u m e n t a t i o n  b a t t e r i e s  (Twenty Yardney HR-1 DC S i l v e r c e l s ) .  
On t h e  f o u r t h  and f i f t h  decks were l o c a t e d  t h e  experiment  motor 
power bat ter ies  and the  seve rance  b a t t e r i e s ,  r e s p e c t i v e l y  (20 HR-1 
and 8 HR-1 DC S i l v e r c e l  packs ,  r e s p e c t i v e l y ) .  The s i x t h  deck w a s  
empfy. Decks 7 and 8 con ta ined  the  b a t t e r y  pack and power supp ly  
for  t h e  AN/DPN-41 radar beacon and t h e  r a d a r  beacon i t s e l f  ( respec-  
t i v e l y ) .  The Haydon t i m e r ,  G-switch, and G - t i m e r  were l o c a t e d  on 
t h e  9 t h  deck. I n - f l i g h t  ca l ib ra to r ,  d i s t r i b u t i o n  box, and the  
t e l e m e t r y  t r a n s m i t t e r  were l o c a t e d  on the  1 0 t h  deck. P r o t r u d i n g  
o u t  of t h e  15-inch experiment  e x t e n s i o n  is t h e  upper p o r t i o n  of t h e  
exper iment ,  which is shown under t h e  1 0 t h  deck of t h e  i n s t r u m e n t a t i o n  
rack. The t h r u s t  chamber p r e s s u r e  gage and p r e s s u r e  s w i t c h  were 
l o c a t e d  i n  t h e  t a i l  can  of t h e  Aerobee s u s t a i n e r ,  adjacent  t o  t h e  
p r e s s u r e  chamber. 

TELEMETRY SYSTEM 

A 2-wat t ,  FM/FM t r a n s m i t t e r  (Vector Model TRPT-2V), modulated 
by f i v e  v o l t a g e - c o n t r o l l e d ,  s u b c a r r i e r  o s c i l l a t o r s  (VCO's), t r a n s -  
m i t t e d  data from t h e  t r a n s d u c e r s .  Channel s w i t c h ,  occu r ing  a t  T+56 
seconds ,  allowed t h e  s h a r i n g  of data  on t h e  t r a y  motors w i t h  data 
from t h e  accelerometer, p r e s s u r e  gage,  and p r e s s u r e  s w i t c h  on F l i g h t  
4.107 GE on ly .  

The FM/FM t e l e m e t r y  t r a n s m i t t e r  w a s  modulated on a frequency 
of 234.0 m c s .  w i t h  a frequency d e v i a t i o n  of k125 kcs .  VCO para-  
meters were as fo l lows :  

FREQUENCY I R I G  CHAN 

30.0 kcs  15 

22.0 kcs 14  

14 .5  kcs 13 

ALLOCATION 

*P swi tched  a t  T +56 seconds t o  monitor 
exbe r imen t ' s  "B" motor 

Accelerometer swi tched  a t  T +56 seconds 
t o  monitor  expe r imen t ' s  "C" motor 

**P s w i t c h  c l o s u r e  t i m e  s h a r e d  w i t h  
expgriment ' s  "A" motor monitor  

4 
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10.5  kcs  12 Long i tud ina l  magnetometer 

7.35 kcs  11 Transverse  magnetometer 
* 
** 

Pc gage only used on F l i g h t  4.107 GE. 

Pc s w i t c h  o n l y  used on F l i g h t  4.107 GE. 

Each channel  d e v i a t e d  i n  f requency  by k7 .5  kcs .  F igure  3 
p rov ides  t h e  i n s t r u m e n t a t i o n  and t e l e m e t r y  b lock  diagram f o r  bo th  
f l i g h t s .  

An i n - f l i g h t  c a l i b r a t o r  provided p e r i o d i c  system v e r i f i c a t i o n  
of d a t a  r e f e r e n c e  p o i n t s .  I n  o p e r a t i o n ,  see F igure  4 ,  each  da ta  
channel  w a s  s e q u e n t i a l l y  swi tched  from data t o  a p r e c i s i o n  s t a i r -  
case v o l t a g e  g e n e r a t o r ,  c a l i b r a t i n g  each  VCO channel  over  t h e  
range  from 0 t o  +5 v o l t s  i n  l - v o l t  s t e p s .  I n - f l i g h t  accuracy of 
t h e  c a l i b r a t o r  is w i t h i n  0 . 1  pe rcen t .  When c a l i b r a t i o n  of one 
channel  w a s  completed,  t h a t  channel  w a s  swi tched  back t o  d a t a ,  
and t h e  next  channel  w a s  c a l i b r a t e d .  C a l i b r a t i o n  of each  channel  
c o n t i n u e s  u n t i l  a l l  channels  have been c a l i b r a t e d .  The c a l i b r a t o r  
t h e n  w a i t s  15 seconds and r e p e a t s  t h e  cyc le ,  

The t r a n s m i t t e r ' s  r a d i o  frequency o u t p u t  w a s  r a d i a t e d  v i a  a 
p a i r  of Quadraloop an tennas  (New Mexico S t a t e  U n i v e r s i t y  Model 
N o .  2 .041) ,  mounted on t h e  pa rachu te  e x t e n s i o n  c a n i s t e r  ( s ee  
F i g u r e  1). The t r a n s m i t t e r ,  as w e l l  as t h e  e n t i r e  t e l e m e t r y  
s y s t e m , w a s  powered by twenty Yardney HR-1 DC S i l v e r c e l  b a t t e r i e s ,  

EXPERIMENT 

A 15-inch e x t e n s i o n ,  l o c a t e d  d i r e c t l y  behind t h e  instrumen- 
t a t i o n  r a c k ,  con ta ined  t h e  necessa ry  e lec t ro-mechanica l  components 
t o  ex tend  and r e t r a c t  t h r e e  n u c l e i  emulsion t r a y s  from p o r t s  l o c a t e d  
around t h e  e x t e n s i o n  ( see  F igu re  5 ) .  Contained w i t h i n  t h e  e x t e n s i o n  
are t h e  t r a y  a s sembl i e s ,  hous ings ,  motors ,  gear boxes ,  and o t h e r  
components which o p e r a t e  t h e  experiment  ( see  F i g u r e s  6 and 7 ) .  
These components, though i n t e r r e l a t e d ,  are d i v i d e d  i n t o  two groups :  
t h e  d r i v e  and t e l eme t ry  t r a y  monitor  s y s t e m  and t h e  e x t e n d / r e t r a c t  
c o n t r o l  assembly. 

Drive and T e l e m e t r y  Trav Monitor Svstem 

This  s y s t e m  comprises  the  t r a y  motors, g e a r  boxez, and motor 
monitor  c i r c u i t s  which d r i v e  t h e  t r a y s  throughout  t h e  Extend and 
Retract  cyc le s .  I n  a d d i t i o n ,  t h i s  sys tem a lso  comprises  those  
components which s w i t c h  v o l t a g e  l e v e l s  mechanica l ly  t o  check on t h e  
s u c c e s s  of t hese  cyc les .  Ex ten t  of c y c l e  o p e r a t i o n  is telemetered 
t o  t h e  ground s t a t i o n s .  Should t h e  t r a y s  n o t  r e t r a c t  f u l l y ,  i n -  
d i c a t i o n s  of t h i s  ma l func t ion  appear  on t h e  ground s t a t i o n  t e l e m e t r y .  

6 
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I f  a water impact is r e p o r t e d ,  and t h i s  ma l func t ion  has  occur red ,  
r a p i d  payload recovery  is j u s t i f i e d  so as t o  recover  the  g r e a t e s t  
amount of u s e f u l  d a t a  from t h e  t r a y s  p r i o r  t o  e x c e s s i v e  water 
exposure.  

System c o n f i g u r a t i o n  f o r  t h e  experiments  on b o t h  F l i g h t s  
4.107 GE and 4.108 GE were t h e  same w i t h  one e x c e p t i o n . .  . t h e  
"A" motor monitor c i r c u i t  on 4.107 G E ' s  experiment  was modif ied 
t o  i n c l u d e  a t h r u s t  chamber p r e s s u r e  swi t ch  which func t ioned  be- 
tween  l i f t - o f f  and s u s t a i n e r  burnout  (approximately 52 seconds) .  
F igu re  8 schemat i ca l ly  i l l u s t r a t e s  t h i s  c u r c u i t ,  t h e  cam of which 
is  p r e s e t  such t h a t  t h e  microswitch arm c o n t a c t s  t he  f l a t  s u r f a c t  
of t h e  cam. For t h e  f i r s t  63 seconds ,  w i th  t h e  cam s e t  i n  t h e  
aforementioned p o s i t i o n ,  t h e  microswitch arm makes c o n t a c t  w i t h  
t h e  " f l a t "  c o n t a c t  of t h e  "A" motor monitor  s w i t c h ,  which is t i e d  
d i r e c t l y  t o  the  14.5-kcs t e l e m e t r y  i n p u t ,  I n  t h i s  c o n d i t i o n ,  
approximately 4 .7  v o l t s  is con t inuous ly  a p p l i e d  t o  t h e  t e l e m e t r y  
s y s t e m  f o r  t r ansmiss ion  t o  t h e  ground s t a t i o n  r e c o r d e r s .  A t  l i f t -  
o f f  t h e  s u s t a i n e r  chamber p r e s s u r e  rises, changing t h e  P s w i t L h  
from t h e  "close"  c o n t a c t  p o s i t i o n  t o  t h e  "open" c o n t a c t  E o s i t i o n .  
This  r e s u l t s  i n  s h u n t i n g  t h e  4 .7 -vo l t s  t o  0 . 9  v o l t s ,  which is  
t e l eme te red  t o  t h e  ground s t a t i o n  i n d i c a t i n g  s w i t c h  o p e r a t i o n .  

A t  s u s t a i n e r  bu rnou t ,  chamber p r e s s u r e  d e c r e a s e s  and closes 
t h e  P s w i t c h ,  i n  t u r n  caus ing  t h e  0 .9 -vo l t  l e v e l  t o  be s h i f t e d  
t o  4 .7  v o l t s .  
i n  t h e  ground s t a t i o n .  The 4 .7 -vo l t  l e v e l  r e m a i n s  u n t i l  T +63 
seconds ,  when t h e  Haydon t i m e r  c auses  t h e  motor cam t o  r o t a t e ,  ex- 
t end ing  t h e  emulsion t r a y s .  Each complete r o t a t i o n  of t h e  c a m  
i n d i c a t e s  t h a t  t h e  t r a y  a r m  has  moved approximate ly  0 . 2  i n c h ,  
e i t h e r  i n  t he  extend or r e t r ac t  d i r e c t i o n .  For t h a t  p o r t i o n  of 
each r o t a t i o n ,  when t h e  microswi tch  a r m  is  on the  f l a t  s u r f a c e  of 
t h e  cam, 4 .7  v o l t s  is t e l eme te red  t o  t h e  ground s t a t i o n  r e c o r d e r s .  
Conversely,  when t k e  microswitch arm is  on t h e  rounded s u r f a c c  of 
t h e  cam, t h e  t e l e m e t r y  i n p u t  a r m  is grounded t o  t h e  "round" micro- 
s w i t c h  c o n t a c t ,  t e l e m e t e r i n g  a 0 - v o l t  l e v e l  t o  t h e  ground s t a t i o n .  

T h i s  is monitored by i n s t r u m e n t a t i o n  pe r sonne l  

Extend/Retract  Con t ro l  Assembly 

mounted ad jacen t  t o  t h e  t r a y  arms i n  t h e  t r a y  hous ings .  T r a y s  a r e  
The e x t e n d / r e t r a c t  c o n t r o l  assembly,  shown i n  F igu re  9 ,  iS 

12  

c 

Tray motor monitor c i r c u i t s  ''B" and "C" on  bo th  f l i g h t s  were 
e l e c t r i c a l l y  and mechanica l ly  i d e n t i c a l .  The "A" motor monitor  
c i r c u i t s  f o r  both f l i g h t s  d i f f e r e d  e l e c t r i c a l l y  i n  t h a t  F l i g h t  
4.107 G E ' s  c i r c u i t  con ta ined  a P s w i t c h  and a 1000-ohm s h u n t  
r e s i s t o r .  Voltage l e v e l  s w i t c h i g g ,  i n d i c a t i n g  t h e  c o n d i t i o n  of 
t h e  motor monitor c i r c u i t s ,  were t e l eme te red  t o  r e c o r d i n g  ground 
s t a t i o n s .  "A" motor monitor  c i r c u i t  swi t ched  v o l t a g e  l e v e l s  from 
4 .7  t o  0 v o l t s ,  whereas "B" and "C" motor monitor  c i r c u i t s  swi tched  
from 1 t o  0 v o l t s .  S ince  t h e  P s w i t c h  and resistor were no t  flown 
on F l i g h t  4.108 GE, p r e s e t t i n g  8f i ts  cam w a s  unnecessary .  
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extended and retracted through the  t r a y  p o r t s  (shown i n  F igu re  5). 
(Note t h a t  t h e  e x t e n d / r e t r a c t  c o n t r o l  assembly, shown i n  F igu re  9, 
is d i s p l a y e d  i n  its actual f l i g h t  o r i e n t a t i o n  i n  F igu re  6 . )  

Each t r a y  had i t s  own motor, cam, and e x t e n d / r e t r a c t  ne t -  
work. Opera t ion  of any one t r a y  w a s  independent  of any o t h e r  t r a y  
r e g a r d i n g  o p e r a t i o n  e v e n t  times, l i m i t s ,  e tc .  

A t  %3,%+63 seconds ,  t h e  Haydon t i m e r  completed c i r c u i t r y  t o  
s t a r t  t h e  t r ~ y  motors ( a s  shown i n  (1) of F igu re  10 ) .  A t  t h i s  
t i m e  t h e  t r a y  motor l i m i t  s w i t c h e s  are i n  t h e  f u l l y  r e t r a c t e d  
p o s i t i o n  s i n c e  t h e  t r a y  is f u l l y  retracted.  The r e t r ac t  l i m i t  
s w i t c h  is  i n  t h e  open p o s i t i o n ,  s i n c e  the  spr ing- loaded  re t rac t  
p lunger  is depressed  by t h e  t r a y .  (On t h e  unde r s ide  of each  
e x t e n d / r e t r a c t  c o n t r o l  a s sembly ,  an a r m  is a t t a c h e d  t o  each 
p lunge r  such  t h a t  when t h e  t r a y  h a s  t r a v e l e d  its d e s i r e d  d i s -  
t a n c e ,  t h e  p lunger  is depres sed  by t h e  a r m . )  

To s t a r t  t h e  t r a y  motors a t  T +63 seconds ,  Haydon t i m e r  
cams 5, 7 ,  and 9 s w i t c h  from ground p o t e n t i a l  t o  +30 v o l t s ,  
app ly ing  power t o  t h e  t r a y  motors f o r  t he  12-second ex tend  cycle.  
The t r a y s  begin  t o  ex tend ,  t h e r e b y  r e l e a s i n g  the  depressed  re- 
-- t rac t  p lunge r ,  a l l owing  i t  t o  move and close t h e  re t rac t  limit 
swi t ch .  A s  shown i n  F igu re  10 (23, t h i s  on ly  swi t ches  t h e  
ground p a t h  on t h e  motor and does no t  i n t e r r u p t  t h e  ex tend  cycle.  
The t r a y  c o n t i n u e s  t o  ex tend  u n t i l  it pushes t h e  o t h e r  arm which, 
i n  t u r n ,  dep res ses  t h e  ex tend  plunger.  (This o p e r a t i o n  occur s  
a f t e r  a minimum of 64 r e v o l u t i o n s  of t h e  motor monitor cam.) 
With t h e  ex tend  p lunge r  depressed ,  the ex tend  l i m i t  sw i t ch  is 
now f r e e  and w i l l  open, swi t ch ing  o f f  power t o  its associated 
t r a y  motor. (F igure  11 shows the  assembly  i n  t h i s  c o n f i g u r a t i o n . )  
T h i s  is  a s a f e t y  p r e c a u t i o n  t o  o v e r r i d e  t h e  Maydon timer by 
s w i t c h i n g  o f f  b a t t e r y  v o l t a g e  t o  each t r a y  motor when t h e  t r a y  w a s  
f u l l y  ex tended ,  p r e v e n t i n g  t h e  motor from running  and t r y i n g  t o  
d r i v e  t h e  t r a y  f u r t h e r  o u t  once the  cyc le  w a s  completed. (NOTE: 
The same s a f e t y  p r e c a u t i o n  is  taken fo l lowing  t h e  re t ract  c y c l e . )  

A t  T +75 seconds ,  Haydon cams 5, 7, and 9 s w i t c h  back t o  a 
ground p o t e n t i a l  (see (3) of F igure  10) .  The t r a y s  remain ex- 
tended u n t i l  T +414 seconds ,  a t  which t i m e  Baydon cams 6, 8, and 
10 s w i t c h ,  as programmed, t o  apply 30 v o l t s  t o  t h e  motors, begin- 
n ing  t h e  re t ract  cycle .  Note the  change i n  a p p l i e d  p o l a r i t y  
across each motor. Now t h e  motor d r i v e s  t h e  t r a y  g e a r s  i n  t h e  
o p p o s i t e  d i r e c t i o n  from t h a t  used du r ing  t h e  ex tend  cycle,  re- 
t r a c t i n g  t h e  t r a y s .  Soon a f t e r  the t r a y s  beg in  moving, t he  
ex tend  p lunge r  is released and t h e  ex tend  l i F i t  s w i t c h  is allowed 
t o  c l o s e  ( swi t ch ing  t h e  ground p o t e n t i a l  p a t h  o n l y ,  as i n  2 ) .  
The t r a y  c o n t i n u e s  t o  re t ract  u n t i l  it d e p r e s s e s  t h e  re t rac t  a r m ,  
c a u s i n g  time re t r ac t  p lunger  t o  depress  and allow the  r e t r ac t  
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Figure 10. Tray Motor and Cam Operation Schematic Diagram 
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l i m i t  s w i t c h  t o  open. This  e l i m i n a t e s  power t o  t h e  t r a y  motors 
and t h e  t r a y s  %re  r e t r a c t e d  f u l l y ,  as before  f l i g h t ,  Haydon 
t i m e r  cams 6, 8,  and 10 swi t ch  back t o  ground a t  t h e  end of 12 
seconds. 

BEACON SYSTEMS 

One p a i r  of r a d a r  S-band beacon Quadraloop an tennas  (New 
Mexico S t a t e  U n i v e r s i t y  Model N o .  6.005) f o r  t h e  AN/DPN-41 
radar beacon, were mounted on t h e  nose cone ( see  F igu re  2 ) .  The 
beacon was provided and i n s t a l l e d  by pe r sonne l  a t  t h e  F o r t  
C h u r c h i l l  Range. 

A SARAH recovery  beacon, w i th  folded-band an tenna ,  w a s  pro- 
vided and i n s t a l l e d  i n  t h e  pa rachu te  e x t e n s i o n  c a n s i t e r .  Nor- 
m a l l y ,  a c t i v a t i o n  of t h e  recovery  beacon causes  t h e  au tomat ic  
t r a n s m i s s i o n  of s p e c i a l ,  coded p u l s e s  which are immediately 
i d e n t i f i e d  v i s u a l l y  on s e a r c h  c r a f t  r e c e i v e r s ,  guarding a f re- 
quency of 243.0 m c s .  The SARAH beacon a l lows  p o s i t i v e  homing 
u n t i l  a c t u a l  recovery  of t h e  payload is completed,  

TIMER SEQUENCE 

An 11-cam Haydon t i m e r  mechanical ly  provided t h e  programmed 
e v e n t  t i m e s .  These e v e n t  t i m e s  c o n s i s t e d  of t r a y  Extend and Re- 
t r a c t  commands, f i r s t  and second seve rance  command, and channel  
swi t ch ing .  During t h e  f l i g h t ,  t he  Haydon t i m e r  provided f o r  chan- 
n e l  swi t ch ing  t o  t ime-share experiment  and housekeeping d a t a ,  
s t a r t  and end t h e  ex tend  and r e t r ac t  c y c l e s  of t h e  experiment  
t r a y s ,  s e p a r a t e  t h e  r ecove rab le  payload from t h e  s u s t a i n e r  ( f i r s t  
s e v e r a n c e ) ,  and deploy t h e  pa rachu te  (second s e v e r a n c e ) .  F i r s t  
and second severance are p r i m a r i l y  governed by t h e  Haydon t i m e r ,  
which is backed up by the  t w o  cams of t h e  G - t i m e r .  O r i g i n a l l y  
programmed and changed e v e n t  t i m e s  are provided  
c h a r t :  

4.107GE/4.108GE 
Event '  O r i g i n a l  T i m e s  

( s ed  
Channel Switch T +56 
Extend Cyc le  S t a r t  +63 
Extend C y c l e  End +75 

Retract Cycle End +447 
Retract Cycle S t a r t  +435 

Severance (Haydon) +450 
(6-timer cam 1) +450 
(G-timer cam 2) +451 

* Reprogrammed 

F l i g h t  4.107 GE 

Times ( sec)  
T -1-56 
+63 
+75 
+414* 
+426* 
+428* 
+428* 
+430* 

18 

i n  t h e  f o l l o w i n g  

F l i g h t  4.108 GE 

Times (see) 

T +56 
+63 
+103* 
+414* 
+466* 
+445* 
+445* 
+446* 



The o v e r a l l  timer sequence w a s  e r roneous ly  provided from 
t h e  o r i g i n a l  F l i g h t  P lan  for Aerobee F l i g h t  4.91 GE. Following 
d i s c u s s i o n s  wi th  Dr. F i c h t e l ,  the  t i m e r  sequence w a s  c o r r e c t e d .  
O v e r a l l  timer sequence is shown s c h e m a t i c a l l y  i n  F i g u r e  12 and is 
t a b u l a t e d  i n  Table  1. 

PYROTECHNICS 

Severance c i r c u i t  py ro techn ics  ( schemat i ca l ly  shown i n  
F igu re  131, c o n s i s t e d  of two severance  c i r c u i t s .  F i r s t  sever -  
ance s e p a r a t e d  t h e  payload from the  s u s t a i n e r .  Second seve rance  
deployed t h e  pa rachu te  f o r  t h e  recovery  o p e r a t i o n . ( s e e  NASA/GSFC 
Report  No. 672-64-303) R e s p o n s i b i l i t y  f o r  d e s i g a  and i n s t a l l a -  
t i o n  of t h e  severance  c i r c u i t r y  w a s  provided by Sounding Rocket 
I n s t r u m e n t a t i o n  Sec t ion .  

INTEGRATION 

I t  is in t ended ,  d u r i n g  an i n t e g r a t i o n ,  %at any e x i s t i n g  
i m c o m p a t i b i l i t i e s  are d iscovered  and remedied p r i o r  t o  s h i p p i n g  
t h e  payload t o  the  launch s i t e ,  During an i n t e g r a t i o n ,  t he  
component p a r t s  of a payload (experiment,  i n s t r u m e n t a t i o n ,  nose 
cone ,  and py ro techn ics )  are both mechanical ly  and e l e c t r i c a l l y  
mated ( i n t e g r a t e d )  and checked o u t  under s imula t ed  f l i g h t  condi- 
t i o n s .  I t  is also a t  t h i s  time t h a t  the  t e l e m e t r y  s y s t e m  is 
checked a g a i n s t  t h e  ground s t a t i o n  ( S t a t i o n  G is l o c a t e d  i n  the  
B e l t s v i l l e  b u i l d i n g  and has  FM/FM and PPM c a p a b i l i t i e s ) ,  t o  en- 
s u r e  t h a t  t r a n s m i t t e r s ,  V C O ' s ,  t r a n s d u c e r s ,  exper iment ,  e tc .  a l l  
are p r o p e r l y  f u n c t i o n i n g .  

Both pay loads ,  4.107 GE and 4.108 GE, w e r e  s u c c e s s f u l l y  
i n t e g r a t e d  a t  Goddards's  B e l t s v i l l e  b u i l d i n g .  N o  major problems 
w e r e  encountered  and a l l  minor  problems were r a p i d l y  so lved .  The 
payloads  w e r e  t hen  packed f o r  shipment,  v i a  a i r  f r e i g h t ,  t o  F o r t  
C h u r c h i l l .  The f l i g h t  t o  F o r t  C h u r c h i l l  normally t a k e s  about  f i v e  
days  b e f o r e  t h e  equipment is a c t u a l l y  d e l i v e r e d  t o  t h e  launch s i t e .  

PRE-LAUNCH PREPARATION 

On 14 J u l y ,  a t  t h e  F o r t  C h u r c h i l l  f a c i l i t y ,  t h e  payload in-  
s t r u m e n t a t i o n  r ack  f o r  F l i g h t  4.107 GE and a s s o c i a t e d  equipment,  
were unpacked and t h e  payload bui ldup  s t a r t e d .  I n  a d d i t i o n ,  
i n s t r u m e n t a t i o n  and f l i g h t  b a t t e r i e s  were prepared .  A t o t a l  of 
144 Yardney HR-1 DC S i l v e r c e l  b a t t e r i e s  w e r e  r e q u i r e d ;  48  for each 
payload  and 48 o t h e r  f o r  t he  va r ious  pre- launch checks.  

An i n s t r u m e n t a t i o n  check was conducted t o  e n s u r e  proper  ope- 
r a t i o n  of f l i g h t  i n s t r u m e n t a t i o n  ( t i m e r s ,  t e l e m e t r y ,  t r a n s d u c e r s ,  
b a t t e r y  packs ,  e t c . ) ,  p r i o r  t o  v e h i c l e  mating. Th i s  e n t a i l s  
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t u r n i n g  on the  t r a n s m i t t e r ,  normally r a d i a t i n g  its o u t p u t  i n t o  a 
dummy load. A s  a r e s u l t  of t h e  i n s t r u m e n t a t i o n  check, t r a n s m i t t e r  
power w a s  found t o  be u n s t a b l e  and weak. A f t e r  r e p l a c i n g  the  
t r a n s m i t t e r ,  t h e  check w a s  reconducted and power was found t o  be 
normal. 

The fo l lowing  day ,  15 J u l y ,  i n s t r u m e n t a t i o n  b a t t e r y  packs 
were readied and i n s t a l l e d .  Telemetry checks were conducted 
u s i n g  t h e  Range ground s t a t i o n  and a l l  channe l s  appeared normal. 
The experiment  p o r t i o n  of t h e  payload could  n o t  be checked i n  
t h i s  t es t ,  s i n c e  i t  w a s  be ing  prepared  f o r  i n s t a l l a t i o n .  A 
p r e s s u r e  check w a s  conducted on the  p r e s s u r e  s w i t c h  t o  ensu re  i ts  
compliance t o  t h e  c a l i b r a t i o n  swi t ch  p o i n t s .  "A" motor monitor  
channel  c i r c u i t s ,  on t h e  14.5 kcs  VCO, was modif ied ( s e e  F igu re  
8 ) ,  such  t h a t  t h e  p r e s s u r e  s w i t c h  i n fo rma t ion  could  be ob ta ined  
on t h i s  channel .  "A" motor monitor cam p o s i t i o n  w a s  p r e s e t  on t h e  
f l a t  p o r t i o n  of t h e  cam t o  o b t a i n  a v o l t a g e  s w i t c h i n g  l e v e l .  The 
p r e s s u r e  s w i t c h  w a s  mounted, t a i l  w i r i n g  and j u n c t i o n  box were 
i n s t a l l e d ,  and the c i r c u i t  w a s  checked. 

Checkout of t h e  SARAH recovery beacon w a s  conducted w i t h  a 
SARAH r e c e i v e r  and found t o  be o p e r a t i n g  p r o p e r l y  on t h e  243.0 m c s  
a s s igned  frequency.  I t  w a s  t hen  mounted i n  t h e  pa rachu te  ex- 
t e n s i o n .  The pa rachu te  a c t u a t o r  box, c o n t a i n i n g  b a t t e r i e s ,  
e l e c t r o n i c s ,  and s q u i b s  t o  deploy t h e  p a r a c h u t e ,  w a s  a l s o  checked 
and its b a t t e r y  pack charged.  

R e - c a l i b r a t i o n  of t h e  chamber p r e s s u r e  (P gage w a s  accom- 
p l i s h e d  by apply ing  v a r i o u s  p r e s s u r e s  t o  t h e  ggge and t r a n s m i t t i n g  
t h e  cor responding  v o l t a g e s  through t e l e m e t r y ,  which were recorded  
a t  t h e  ground s t a t i o n ,  The experiment e x t e n s i o n  w a s  t h e n  mated 
to t h e  i n s t r u m e n t a t i o n  rack and a system check was conducted. Pro- 
grammed t i m e s  on the  Haydon and G-actuated timers were checked 
f o r  emulsion t r a y  Extend and Retract commands channel  s w i t c h ,  
and seve rance .  

The nex t  day ,  16 J u l y ,  fo l lowing  as sembly ,  t h e  payload was 
t aken  o u t s i d e  t h e  p r e p a r a t i o n  b u i l d i n g  and a magnetometer 
c a l i b r a t i o n  w a s  conducted i n  accordance wi th  t h e  e x p e r i m e n t e r ' s  
r e q u e s t .  C a l i b r a t i o n  w a s  conducted wi th  the  payload r a d i a t i n g  
i n t o  a dummy load and t h e  payload,  be ing  p h y s i c a l l y  o r i e n t a t e d  
t o  v a r i o u s  p r e s c r i b e d  a t t i t u d e s ,  allowed t h e  magnetometer 
c a l i b r a t i o n  l e v e l s  t o  be recorded a t  t h e  t e l e m e t r y  ground s t a t i o n .  
A f t e r  t h i s  c a l i b r a t i o n ,  t h e  assembled payload w a s  mated t o  t h e  
r o c k e t  and a h o r i z o n t a l  check was conducted ( see  F i g u r e s  14 and 
15 and Table  2). O v e r a l l  system checks were s a t i s f a c t o r y ,  a l -  
though no check w a s  made on t h e  AN/DPN-41 radar beacon. Radar 
beacon checks were n o t  made a t  t h i s  t i m e  because t h e  beacon 
h a r n e s s  had n o t  been i n s t a l l e d  and t he  beacon i n t e r r o g a t o r  u n i t  
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Table 2. Hor i zon ta l  and Vertical  Countdown Check 

COUNTDOWN (I 
4.107 GE 

T -3 rnin 

T -2 rnin 

T -1 rnin 

0 

T +30 sec 

T +40 sec 

T +62 sec 

T +63 s e c  

T +75 sec 

T +412 sec 

T +414 s e ~ :  

T +426 sec 

T +428 sec 

T +480 sec 

C )  
4.108 GE 

T -3 rnin 

T -2 rnin 

T -1 rnin 

0 

T +30 sec 

T +40 sec 

T +62 sec 

T +63 sec 

T +lo3 sec 

T +412 sec 

T +414 sec 

T +466 sec 

T +445 sec 

T +480 sec 

FUNCTION 

T e l e m e t r y  and i n s t r u m e n t a t i o n  on 
EXTERNAL POWER. 
(Ground s t a t i o n  acknowledges s i g n a l .  ) 

Ground s t a t i o n  r e c o r d e r s  ON SLOW (1.0 ips). 

Payload swi tched  t o  I N T E R N A L  POWER. 

Pullaway Out - S t a r t  G - t i m e r .  

Exc i t e  Magne tome ters 

I n t e r r o g a t e  r a d a r  beacon ( v e r t i c a l  o n l y ) .  

Recorders swi t ched  t o  FAST SPEED (10.0 ips). 

Emulsion t r a y s  beg in  Extend c y c l e  
(Hor i zon ta l  o n l y ) ,  

Emulsion t r a y s  complete Extend c y c l e  

Recorders OFF. 
S t a r t  Recorders  FAST SPEED 

(Hor i zon ta l  o n l y ) .  

Emulsion t r a y s  begin  Retract  c y c l e  
(Hor i zon ta l  o n l y ) .  

Emulsion t r a y s  complete Retract  cyc le  
(Hor i zon ta l  o n l y ) .  

Severance - Confirm v i a  t es t  box 
(Hor i zon ta l  o n l y ) .  

Pullaway I N .  
Switch t o  EXTERNAL POWER, then  OFF. 
S top  r e c o r d e r s ,  checks complete .  
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w a s  n o t  a v a i l a b l e  i n  t i m e  for t h i s  check. 

A s  p r e v i o u s l y  mentioned, programmed payload e v e n t  t i m e s  
were found t o  be i n  error,  s i n c e  i t  w a s  assumed t h a t  t he  payload 
f o r  t h i s  F l i g h t  w a s  i d e n t i c a l  t o  F l i g h t  4 .91  GE. Reprogramming 
of t h e  Haydon and G - t i m e r  n e c e s s i t a t e d  a long  and t e d i o u s  change,  
s i n c e  a s t o p  watch w a s  t h e  only  a p p l i c a b l e  t imepiece  a v a i l a b I e .  
Page 13 lists t h e  o r i g i n a l  times and t h e  rese t  t i m e s .  Haydon 
and G-actuated timers were remounted and h o r i z o n t a l  checks were 
reconducted.  System and timer changes checked s a t i s f a c t o r i l y  
and t h e  payload w a s  cons ide red  accep tab le  f o r  f l i g h t .  

On 1 7  J u l y ,  a new u m b i l i c a l  had t o  be made s i n c e  the  one t o  
be used i n  t h e  tower w a s  found t o  be  approximately one f o o t  t o o  
s h o r t .  Lengthening of t h e  umbi l i ca l  w a s  accomplished by s p l i c i n g  
an e x t e n s i o n  t o  t h e  one on hand. This  w a s  accomplished and the  
u m b i l i c a l  was checked through t o  t h e  blockhouse c o n t r o l  pane l .  
Cons iderable  t i m e  w a s  involved  on t h e  u m b i l i c a l  c o r r e c t i o n .  

The r o c k e t ,  w i th  t h e  payload mounted, was r e a d i e d  f o r  t he  
tower ( s e e  F igu re  13). Total  l e n g t h  of F l i g h t  4.107 GE w a s  such 
t h a t  t h e  completely assembled Aerobee w a s  l o n g e r  than  t h e  remove- 
a b l e  tower r a i l ,  n e c e s s i t a t i n g  removal of t h e  nose cone t o  a l low 
i n s e r t i o n  c l e a r a n c e  i n t o  t h e  tower. 

On Sa tu rday ,  18 J u l y ,  Aerobee 4 .107  GE w a s  i n s t a l l e d  i n  t h e  
t o w e r  and t h e  t a i l  s w i t c h  c i r c u i t  rechecked. The beacon ha rness  
w a s  checked through t h e  j u n c t i o n  box by the  Range pe r sonne l  and 
found t o  be s a t i s f a c t o r y .  Instrumentat ion-check b a t t e r y  packs 
were r e p l a c e d  w i t h  f l i g h t  b a t t e r y  packs.  

The fo l lowing  day,  Sunday, 19  J u l y ,  t h e  nose cone p r e s s u r e  
check w a s  conducted. A high  rate of leakage w a s  no ted  and correc- 
t i v e  measures had t o  be taken.  Leak d e t e c t i o n  w a s  l e n g t h y ,  i n  
t h a t  p r e s s u r e  had t o  be a p p l i e d ,  i ts l e v e l  monitored over  a t  l ea s t  
a one-hour p e r i o d ,  and l e a k  d e t e c t o r  f l u i d  a p p l i e d  t o  the  many 
s u s p e c t e d  areas. I n  a d d i t i o n ,  the  nose cone had t o  be removed 
a f t e r  each  p r e s s u r e  check to reach and seal  m o s t  of t h e  l e a k s .  
Leaks w e r e  found i n  t h e  experiment s e c t i o n ,  around t h e  payload 
u m b i l i c a l  mount, and t h e  O-ring on t h e  15-inch experiment  e x t e n s i o n .  

The t e l e m e t r y  w a s  checked,  u s i n g  t h e  Range ground s t a t i o n ,  
t he reby  a l s o  double-checking the u m b i l i c a l  hook-up t o  t h e  block- 
house. Some n o i s e  w a s  observed on a l l  d a t a  c h a n n e l s ,  b u t  s i n c e  
t h e  t e l e m e t r y  w a s  s a t i s f a c t o r y  dur ing  t h e  h o r i z o n t a l  checks ,  t h e  
n o i s e  w a s  a t t r i b u t e d  t o  RF r e f l e c t i o n  from t h e  enc losed  metal  
tower. Pan American ground s t a t i o n  personnel  s ta ted  t h a t  no i se  
i n d i c a t i o n s  w e r e  o f t e n  encountered whi le  r a d i a t i n g  i n  t h e  tower,  
b u t  t h e  s i g n a l  " c l e a n s  up" a f t e r  t h e  r o c k e t  l e a v e s  t h e  tower,  
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"Cheater1! antennas were used f o r  r e - r a d i a t i n g  t h e  r o c k e t  RF 
t e l e m e t r y  s i g n a l  as w e l l  as t h e  r a d a r  beacon. ( I n  o r d e r  t o  
check f l i g h t  an tennas  w i t h i n  t h e  all-metal Aerobee launch  bu i ld -  
i n g ,  "chea ter"  an tennas  had t o  be p l aced  w i t h i n  t h e  launch  b u i l d -  
i n g . )  A check was made, w i th  the  t e l e m e t r y  connected t o  a dunmy 
load  and,  .as  expec ted ,  t h e  n o i s e  l e v e l  w a s  reduced t o  an  accep- 
t a b l e  l e v e l .  

On Monday, 20 J u l y ,  t h e  t e l e m e t r y  w a s  rechecked and t h e  "peon" 
c a l i b r a t o r  was found t o  be ma l func t ion ing ,  The "peon" w a s  re- 
p l aced  b u t ,  when t h e  t e l e m e t r y  w a s  ene rg ized  a g a i n ,  no modulat ion 
w a s  p r e s e n t  on t h e  234.0 m c s  ca r r ie r ,  I n v e s t i g a t i o n  r e v e a l e d  t h e  
absence of the  r e q u i r e d  +6 v o l t s  from t h e  VCO's  r e g u l a t o r .  The 
r e g u a l t o r  was r e p l a c e d  and t h e  problem w a s  r e so lved .  However, 
i n s p e c t i o n  of t h e  i n - f l i g h t  c a l i b r a t o r  traces r e v e a l e d  more m a l -  
f u n c t i o n s .  To a l l e v i a t e  t h i s  problem, t h e  4-channel '!master" 
c a l i b r a t o r  was r ep laced  and c a l i b r a t i o n s  w e r e  a g a i n  normal. 

The fo l lowing  day ,  21  J u l y ,  range r a d a r  beacon p e r s o n n e l ,  
under t h e  s u p e r v i s i o n  of M r .  T. Rhae, informed J. W ,  Cameron of 
beacon b a t t e r y  problems. Radar beacon AN/DPN-41 had evidenced 
a power f a i l u r e  ear l ie r  i n  t h e  month on ano the r  f l i g h t ,  and a 
check on t h e  e n t i r e  supply  of Yardney HR-5 S i l v e r c e l  b a t t e r i e s  
w a s  conducted. A l l  b a t t e r i e s  were load-checked and found t o  be 
below r a t e d  c a p a c i t y ,  The pack of H R - 5 ' s  w a s  removed from t h e  
payload and a pack of H R - 1 0 ' s  s u b s t i t u t e d .  A new b a t t e r y  pack 
c o n t a i n e r  had t o  be f a b r i c a t e d ,  b u t  w a s  accomplished q u i c k l y  and 
w i t h  no s e r i o u s  problems, 

The payload w a s  r ead ied  f o r  f l i g h t  and a v e r t i c a l  check w a s  
s a t i s f a c t o r i l y  conducted ( see  Table 2 ) .  Cycl ing  of t h e  emulsion 
t r a y s  could  n o t  be conducted d u r i n g  t h i s  check because of 
mechanical i n t e r f e r e n c e  due to  t h e  tower r a i l s ;  consequen t ly ,  
t h e  Haydon times could  no t  be rechecked.  

On Wednesday, 22 J u l y ,  weather  looked bad f o r  a morning 
launch. However, a Minnesota Cosmic Ray Nuclear  Emulsion b a l l o o n  
w a s  launched e a r l y  i n  t h e  morning, b u t  winds were h igh  and t h e  
sky wc?s o v e r c a s t .  I t  appeared as though t h e  launching  of F l i g h t  
4 .107 GE would be c a n c e l l e d  d u r i n g  t h e  b a l l o o n  f l i g h t ;  however, 
t h e  countdown w a s  s t a r t e d  i n  hopes t h a t  t h e  weather  would c lear  
by launch  t i m e .  The T -3 hour check w a s  s a t i s f a c t o r y ,  bu t  d u r i n g  
t h e  T -1 hour check ,  t h e  t e l e m e t r y  s i g n a l  w a s  n o t  normal. No 
modulation was p r e s e n t  on t h e  c a r r i e r  s i g n a l  and ,  a p p a r e n t l y ,  
t h e  +6-volt  r e g u l a t o r  had f a i l e d .  Telemetry i n s t r u m e n t a t i o n  w a s  
cyc led  ON and OFF s e v e r a l  times, b u t  t h e  system would n o t  respond. 
The coun t  was he ld  a t  T -1 hour and t h e  nose cone w a s  removed from 
t h e  v e h i c l e ,  Checking t h e  +6-vol t  r e g u l a t o r  monitor  p o i n t  r evea led  
t h a t  no vo l t age  w a s  p r e s e n t .  The r e g u l a t o r  w a s  removed and t h e  
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connec to r  w a s  checked. Connector checks proved s a t i s f a c t o r y  and 
a new r e g u l a t o r  w a s  i n s e r t e d .  N o r m a l  v o l t a g e  (+6V) was p r e s e n t  
and ,  t o  confirm normal t e l eme t ry  o p e r a t i o n ,  t h e  complete t e l e m e t r y  
s y s t e m  w a s  ene rg ized  from t h e  blockhouse.  Ground s t a t i o n  pe r sonne l  
r e p o r t e d  good s i g n a l  v i a  t h e  i n t e r c o m ,  b u t  when t h e  r e g u l a t o r  " t ie -  
down'' screw w a s  t i g h t e n e d ,  modulation w a s  i n t e r m i t t e n t .  A +&vol t  
r e g u l a t o r ,  oce t , ha t  i n d i c a t e d  mal func t ion  on 20 J u l y ,  w a s  i n s e r t e d ,  
and t h e  same behavior  w a s  noted,  

I n s p e c t i o n  of t h e  VCO bracke t  w a s  under taken ,  b u t  no th ing  
obvious was de tec t ed .  F l i g h t  4.108 G E ' s  VCO b r a c k e t  was removed 
from i t s  payload and i n s t a l l e d  i n  F l i g h t  4.107 GE. Upon i n s t a l l a -  
t i o n ,  t h e  t e l e m e t r y  checked s a t i s f a c t o r i l y  wi th  the  tie-down screw. 
e i t h e r  l oose  or  t i g h t e n e d ,  The nose cone w a s  remounted and the  
system p r e s s u r i z e d ,  b u t  t h e  launch had been c a n c e l l e d  due t o  h igh  
winds,  F l i g h t s  4.107 G E ' s  VCO b racke t  w a s  checked and the  pro- 
blem w a s  found t o  be a n  i n t e r m i t t e n t  vo l t age  breakdown between 
t h e  r e g u l a t o r ' s  +28-volt  input  p i n  and t h e  VCO b racke t  ground 
when t h e  r e g u l a t o r  w a s  under a c t u a l  load  c o n d i t i o n s .  This  
c o n d i t i o n  w a s  e a s i l y  c o r r e c t e d .  

The fo l lowing  day ,  23 J u l y ,  resumption of t h e  countdown w a s  
commenced and a l l  pre-launch checks i n d i c a t e d  s a t i s f a c t o r y  con- 
d i t i o n s ,  Datar i te  quick-look t e l e m e t r y  r eco rds  were s e t  up on 
one ground s t a t i o n  r e c o r d e r ,  enab l ing  an  i n - f l i g h t  monitor t o  
check on t h e  success of Extend and Retract f u n c t i o n s ,  and one 
permanent,  real-time t e l e m e t r y  record  f o r  t he  same informat ion .  
F l i g h t  4.107 GE was launched a t  1843:07.6002 ( see  F igure  16), 
and t e l e m e t r y  looked good u n t i l  s p l a s h .  Some dropouts  were 
noted l a t e  i n  f l i g h t ,  bu t  s u f f i c i e n t  da ta  w a s  ob ta ined .  Da5a r i t e  
r e c o r d s  were q u i c k l y  checked and t h e  r e t r a c t  monitors  i n d i c a t e d  
t h a t  only one t r a y  had f u l l y  c losed ;  t h e  o t h e r  two t r a y s ,  de- 
s i g n a t e d  B and C ,  i n d i c a t e d  p a r t i a l  r e t r a c t i o n .  With t h i s  
i n fo rma t ion  a v a i l a b l e ,  and s i n c e  t h e  recovery c r a f t  had rad ioed  
t h a t  t h e  payload had impacted i n  t h e  water,  t h e  recovery crew was 
r eques t ed  t o  has t en  t h e  r e t r i e v a l .  Payload recovery from the  
water a t  F o r t  Church i l l  was r a t h e r  d i f f i c u l t ,  b u t  w a s  f i n a l l y  
accomplished and t h e  payload was r e t u r n e d  t o  the  blockhouse by 
h e l i c o p t e r .  

-4s i n d i c a t e d  by t e l e m e t r y ,  2 of t h e  3 emulsion t r a y s  had nor_ 
re t rac ted  f u l l y .  B and C t r a y s  were s t i l l  extended approximately 
1/5 t h e i r  l e n g t h  and, consequent ly ,  had s u f f e r e d  head damage. 
Some water damage may have r e s u l t e d ,  b u t  t h e  f u l l  e x t e n t  of 
damage w a s  no t  known a t  t h a t  t i m e .  

T r a y  A w a s  f u l l y  r e t r a c t e a ,  s o  a t  l e a s t  1/3 of t h e  t o t a l  
d e s i r e d  emulsion data  was obta ined .  A l l  t r a y s  were s u c c e s s f u l l y  
ex tended ,  and 0x1 t i m e ,  b u t  t he  channel  swi t ch  occurred e a r l y  
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Figure 16. Fl ight  4.107GE Lift-off 
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( a t  +53 seconds)  i n s t e a d  of t h e  programmed +56 seconds.  The 
recovered  payload w a s  set  up and an a t tempt  w a s  made t o  de termine  
t h e  re t ract  f a i l u r e  v i a  p o s t f l i g h t  checks.  Records were c l o s e l y  
examined and t h r e e  d i s t i n c t  vo l t age  s w i t c h i n g  i n d i c a t i o n s  were 
noted on t h e  t h r e e  monitor  channels .  One i n d i c a t i o n  was t h e  flAIT 
motor v o l t a g e  c u t - o f f ,  occu r r ing  a f t e r  the "A" t r a y  w a s  f u l l y  
re t racted,  as expec ted .  The other t w o  s w i t c h  "sp ikes"  i n d i c a t e d  
a premature v o l t a g e  cu t -of f  on t r a y  motors B and C. 

Haydon timer cyc le ,  s e t  f o r  a f u l l  12 sec (from 414 t o  426 
s e c ) ,  had not  y e t  completed i t s  cyc le ,  when s p i k e s  were observed 
and no motor b ind ing  was i n d i c a t e d  accord ing  t o  t h e  monitor s t e p s .  
Three v o l t a g e  s p i k e s  were noted a t  t h e  s t a r t  and end of t h e  Extend,  
and a l s o  t h e  Retract ,  c y c l e s ,  but i t  w a s  impor t an t  t o  note  t h a t  
t h e  s p i k e s  occur red  a t  d i f f e r e n t  t i m e s  t o  t h o s e  programmed on the 
Haydon timer. I n s p e c t i o n  of the recovered  payload w a s  under taken  
and no n o t i c e a b l e  mechanical defects were d e t e c t e d .  

S igns  of e l ec t ro ly t e  leakage were noted  on t h e  emulsion t r a y  
b a t t e r y  pack,  b u t  pack w a s  found t o  be normal under a p o s t f l i g h t  
load check (1 amp for 1 minute) ,  T e l e m e t r y  b a t t e r i e s  had also 
undergone e lec t ro ly te  leakage  and were s e v e r l y  damaged. The 
Haydon t i m e r  w a s  r e c y c l e d  and t h e  complete t iming  sequence w a s  
checked through t h e  recovered  payload. A l l  t i m e s  w e r e  as they  
had been o r i g i n a l l y  se t  and t h e  t h r e e  t r a y s  extended and retracted 
p r o p e r l y .  The t iming  sequence was r e p e a t e d  three t i m e s  and t h e  
r ecove red  t r a y  motor b a t t e r y  pack w a s  used  d u r i n g  these checks 
t o  ex tend  and r e t r ac t  t h e  t r a y s .  ''Upper" and "lower" l i m i t  
s w i t c h e s  prevented  t h e  t r a y  motor from running  a f t e r  complet ion 
of t h e  Extend or Retract c y c l e .  These l i m i t  sw i t ches  are 
independent  of t h e  c u t o f f  swi t ch  t i m e s  from t h e  Haydon t i m e r .  
During t h e s e  checks ,  t h e  payload w a s  p h y s i c a l l y  shaken t o  check 
f o r  f a i l u r e  due t o  v i b r a t i o n ,  but  no f a i l u r e  w a s  found. 

Back-up F l i g h t  4.108 GE was r e a d i e d  whi le  i n v e s t i g a t i o n  on 
F l i g h t  4.107 G E ' s  payload cont inued.  R e s u l t s  of i n v e s t i g a t i o n  
led on ly  t o  t h e  op in ion  t h a t  t h e  Haydon t i m e r  had somehow skipped  
t i m e  when s u b j e c t e d  t o  f l i g h t  l e v e l s  of v i b r a t i o n  and a c c e l e r a t i o n .  
E a r l y  channel  s w i t c h  is one i n d i c a t i o n  t h a t  backs up t h i s  ex- 
p l a n a t i o n .  However, t h i s  t i m e r  has  been p r e v i o u s l y  f l i g h t - q u a l i -  
f i e d  for Aerobee environment. No a b s o l u t e  proof of t he  cause of 
f a i l u r e  could  be found; however, t h e  symptoms were r e l a y e d ,  v i a  
t e l e p h o n e ,  t o  GSFC and advice  was asked p e r t a i n i n g  t o  t h e  launch- 
i n g  of back-up F l i g h t  4.108 GE. Permiss ion  to  proceed wi th  the  
l aunch ing  of t h e  back-up f l i g h t  w a s  o b t a i n e d  and p r e p a r a t i o n s  f o r  
l aunch  cont inued.  During t h e  f l i g h t  of Aerobee 4.107 GE, t h e  
SARAH beacon w a s  d e t e c t e d  on  a f requency of 238.0 m c s  i n s t e a d  of 
the normal 243.0 m c s .  F o r t u n a t e l y ,  one of t h e  recovery  a i r c r a f t  
was equipped wi th  a tuneable  r e c e i v e r  and recognized  t h e  238.0 
m c s  t r a n s m i s s i o n  as t h a t  of t h e  SARAH beacon, p i n p o i n t i n g  t h e  
l o c a t i o n  of t h e  payload. N o  exp lana t ion  w a s  a v a i l a b l e  a t  t h a t  
t i m e  fo r  t h e  frequency s h i f t .  
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On Fr iday ,  24 J u l y ,  t h e  VCO b r a c k e t ,  flown on F l i g h t  4.107 GE, 
w a s  r e i n s t a l l e d  o n  F l i g h t  4 .108 GE's  payload.  Haydon t i m e r  Extend 
p e r i o d  w a s  changed from 12 seconds t o  52 seconds ,  a l lowing  3 t o  4 
times as much t i m e  d u r a t i o n  t o  complete t h e  Extend/Ret rac t  cyc le .  
Th i s  w a s  an added p r e c a u t i o n  t o  ensu re  t h a t  adequate  t i m e  w a s  
a v a i l a b l e  f o r  s u c c e s s f u l  t r a y  o p e r a t i o n .  I n  a d d i t i o n ,  s eve rance  
t i m e  was delayed from +428 seconds (on F l i g h t  4.107 GE) t o  +445 
seconds  (on F l i g h t  4.108 GE) , f u r t h e r  e n s u r i n g  complete r e t r a c t i o n  
of t h e  t r a y s  b e f o r e  severance  ( see  page 21 f o r  a complete l i s t i n g  

I of t i m e s ) ,  

Haydon and G-actuated timers w e r e  programmed f o r  new . - - #  I: mcs 
and t h e  b a t t e r i e s  f o r  t h e  i n s t r u m e n t a t i o n  check w e r e  i n s t a l l e d .  

Radar beacon AN/DPN-41 and an HR-5 beacon b a t t e r y  pack w e r e  
i n s t a l l e d .  Suspected t r o u b l e  wi th  t h e  HR-5 b a t t e r i e s  w a s  non 
e x i s t e n t  and l a t e r  w a s  t r a c e d  t o  t h e  Range 's  b a t t e r y  cha rge r .  A 
check w a s  conducted on  t h e  i n s t r u m e n t a t i o n  and i t  was found t o  
be working s a t i s f a c t o r i l y .  A magnetometer c a l i b r a t i o n  w a s  con- 
d u c t e d ,  t a i l  w i r i n g  and box i n s t a l l e d ,  and t h e  SARAH beacon 
double-checked by  Range pe r sonne l  t o  p i n p o i n t  t h e  t r a n s m i t t e d  
frequency a t  243.0 m c s .  

A t h r u s t  chamber p r e s s u r e  gage o r  a measure swi t ch  w a s  n o t  
used on F l i g h t  4 .108 GE, as t o o  much t i m e  would be r e q u i r e d  t o  
mount i t .  A f i x e d  v o l t a g e  d i v i d e r  was used i n  l i e u  of t he  P 
gage t o  provide 2 . 5  v o l t s  o u t p u t  on t h e  30.0 kcs  VCO u n t i l  
channel  swi tch .  The payload was assembled and mated t o  the  
r o c k e t  i n  a h o r i z o n t a l  p o s i t i o n .  A complete h o r i z o n t a l  check 
w a s  t hen  conducted ( see  Table  2) u t i l i z i n g  t h e  Range t e l e m e t r y  
ground s t a t i o n .  A l l  programmed t i m e s  were i n  agreement and 
t e l e m e t r y  s i g n a l  was good, 

C 

F l i g h t  4.108 GE was weighed, c . g .  o b t a i n e d ,  and then  i n s t a l l e d  
i n  t h e  tower. V e r t i c a l  checks were conducted ( see  Table 2) and 
t e l e m e t r y ,  as w e l l  as t h e  AN/DPN-41 beacon,  were checked s a t i s -  
f a c t o r i l y .  F l i g h t  b a t t e r y  packs were i n s t a l l e d ,  t h e  nose cone 
w a s  mounted, and p r e s s u r e  checks were s a t i s f a c t o r i l y  conducted.  

On Sa turday ,  25 J u l y ,  pre- launch t e l e m e t r y  checks and beacon 
i n t e r r o g a t i o n s  were conducted wi th  no appa ren t  problems. F l i g h t  
4 .108 GE was launched (see  F igu re  17)  a t  1735:05.482. 

U t i l i z i n g  D a t a r i t e  quick-look t e l e m e t r y  r e c o r d s  as b e f o r e ,  
t h e  t r a y ' s  Extend and Retract  cyc le s  w e r e  confirmed a s  s u c c e s s f u l ,  
even be fo re  impact. 

The payload made a l and  impact and w a s  r e l a t i v e l y  easy t o  
r ecove r  ( see  F igures  18 and 19).  Radar beacon AN/DPN--41 worked 

32 



s 
i 

Figure 17. Flight 4.108 GE Lift-off 
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s a t i s f a c t o r i l y ,  b u t  t h e  same f requency  s h i f t  as p r e v i o u s l y  n o t e d ,  
w a s  observed aga in  on t h e  SARAH beacon, as t h e  frequency s h i f t e d  
from 243.0 mcs t o  238.0 m c s .  This  w a s  i n v e s t i g a t e d  and an tenna  
deployment i n t e r f e r e n c e  w a s  d i scove red .  The fo lded  an tenna  ex- 
tended f u l l y ,  b u t  rubbed a g a i n s t  t h e  metal pa rachu te  pack bumper 
b r a c k e t ,  caus ing  a 4.0 m c s  f requency s h i f t .  An a d d i t i o n a l  1.0 m c s  
f requency s h i f t  w a s  noted when t h e  beacon w a s  removed from t h e  
metal parachute  c o n t a i n e r ,  a t  which t i m e  i t  w a s  checked and 
found t o  be on its c o r r e c t  f requency ,  243.0 m c s .  A s  b e f o r e ,  on 
F l i g h t  4.107 GE,  t h e  recovery  a i r c r a f t  had a tuneab le  r e c e i v e r  
and t h e  238.0 m c s  was recognized as t h e  l o c a t i o n  s i g n a l  of t h e  
F l i g h t  4.108 GE payload. The t h r e e  experiment  t r a y s  were found 
f u l l y  re t racted,  as expec ted ,  t e l e m e t r y  having a l r e a d y  confirmed 
t h i s  c o n d i t i o n ,  Both t h e  t e l e m e t r y  and t r a y  motor b a t t e r y  packs 
underwent e l e c t r o l y t e  l eakage ,  as noted  on F l i g h t  4.107 GE,  bu t  
t h e  in s t rumen ta t ion  w a s  a p p a r e n t l y  i n  good c o n d i t i o n .  The f l i g h t  
w a s  cons idered  s u c c e s s f u l  and p r e p a r a t i o n  f o r  s h i p p i n g  equipment 
back t o  GSFC w a s  t h e  nex t  o r d e r  of bus iness .  

Support ing t e l e m e t r y  ground s t a t i o n s  ( F o r t  C h u r c h i l l  and 
Twin Lakes,  Canada) s e n t  magnetic t a p e  r e c o r d s  t o  R.  W. Conrad, 

I Sounding Rocket  In s t rumen ta t ion  S e c t  i o n ,  GSFC ' s  B e l t s v i l  l e  b u i l d i n g .  

On t h e  26th and 27th of J u l y ,  a l l  s u p p o r t  equipment and s p a r e  
p a r t s  w e r e  prepared f o r  shipment t o  GSFC. J. Ducosin then  l e f t  
f o r  GSFC. J. W .  Cameron remained on s u p p o r t  assignment t o  
Spaerobee F l i g h t  6.10 GA (with pe r sonne l  from t h e  U n i v e r s i t y  of 
Michigan),  which w a s  Launched on 28 J u l y .  

~ CONCLUSION 

FIRING DATA 

F l i g h t  4.107 GE w a s  launched from F o r t  C h u r c h i l l ,  Canada 
on 23 July 1964 a t  1843:07.6002. Telemetry w a s  recorded  f o r  1113 
seconds w i t h  less than  one p e r c e n t  t e l e m e t r y  dropout .  

F l i g h t  4.108 GE w a s  launched on 25 J u l y  1964 a t  1735:05.482. 
T e l e m e t r y  w a s  recorded  for 1320 seconds  a l s o  w i t h  l ess  than  one 
p e r c e n t  t e l e m e t r y  dropout .  

A l l  t h r e e  t r a y s  c o n t a i n i n g  t h e  expe r imen ta l  emulsions on 
F l i g h t  4.107 GE extended p r o p e r l y ;  two, however, d i d  n o t  r e t r ac t  
completely.  These two s u f f e r e d  h e a t  damage on approximate ly  1/5 
t h e i r  l e n g t h  and d i d  no t  i n d e x ,  as w e l l  as becoming w e t  ivhen t h e  
payload impacted i n  t h e  water. E s t i m a t e s  baser! ~n a qu ick  look  
r eco rd  showed t h a t  100 p e r c e n t  d a t a  were obtaiI,ct an  t h a t  emulsion 
which r e t r a c t e d  p r o p e r l y ,  and 60 p e r c e n t  d a t a  of lesser va lue  017 
t h e  two t r a y s  which d i d  not  r e t r ac t  f u l l y .  
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Following a land  r e c o v e r y  of F l i g h t  4.108 G E ' s  payload ,  

T e l e m e t r y  
examinat ion  of t h e  emulsioir t r a y s  i n d i c a t e d  t h a t  a l l  re t racted 
p r o p e r l y  and t h a t  vera  good d a t a  can be expec ted ,  
r e c o r d s  i n d i c a t e d  t h a t  - t h e  emulsion t r a y s  on t h i s  f l i g h t  f u l l y  
extended and f u l l y  r e t r a c t e d  i n  t h e  c o r r e c t  t i m e .  

Telemetry and i n s t r u m e n t a t i o n  provided by Sounding Rocket 
I n s t r u m e n t a t i o n  S e c t i o n  func t ioned  normally excep t  as p r e v i o u s l y  
no ted ,  and good a c c e l e r a t i o n ,  a s p e c t ,  and p r e s s u r e  d a t a ,  from 
bo th  f l i g h t s ,  are expec ted ,  as a p p l i c a b l e .  

Event times for F l i g h t  4.107 GE, o r i g i n a l l y  p rov ided ,  were 
t h o s e  o r i g i n a t i n g  from F l i g h t  4.91 GE, s i n c e  weight  and con- 
f i g u r a t i o n  appeared t o  be t h e  same. I n  t h e  course  of pre- launch 
c h e c k s ,  t h e  p r o j e c t  s c i e n t i s t  determined t h a t  t h e  programmed 
t i m e s  were i n c o r r e c t ,  The r e q u i r e d  t i m e r  changes were accomplished 
i n  t h e  f i e l d  u s i n g  a s t o p  w a t c h  f o r  b a s i c  timer r e f e r e n c e .  This  
w a s  a long ,  t e d i o u s  procedure ,  s i n c e  no Haydon T i m e r  T e s t  Console 
w a s  t r a n s p o r t e d  t o  t h e  launch f a c i l i t y .  

E a r l y  channel  swi t ch  on F l i g h t  4.107 GE prevented  f u l l  d a t a  
coverage on P gage and acce lerometer .  However, t hey  bo th  appeared 
t o  f u n c t i o n  ngrmally.  The acce le romete r ,  flown on F l i g h t  4.108 GE, 
a l so  f u n c t i o n e d  normal ly ,  as d i d  t h e  magnetometers on bo th  f l i g h t s .  
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APPENDIX A 

Appendix A c o n t a i n s  c a l i b r a t i o n  curves  der ived  f r o m  c a l i b r a -  
t i o n  d a t a ,  for Giannini  acce lerometers  and pressure  gage .  Schon- 
s t e d t  magnetometer c a l i b r a t i o n  d a t a  and a s s o c i a t e d  curves  are a l s o  
inc luded.  
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Figure A-4. Calibration Data for Schonstedt Magnetometer 
(S/N 989) for Flight 4.107GE 
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APPENDIX B 

Appendix B c o n t a i n s  information p e r t i n e n t  to range users 
intending to launch Aerobee payloads from the Churchi l l  Research 
Range, F o r t  Church i l l ,  Manitoba, Canada, and is  a condensed 
extract from the  range u s e r ' s  Document for Aerobee 4.107 GE and 
4.108 GE,  dated 10 July  1964. 
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1.0  GENERAL INFORMATION 

1.1 Opera t ions  Command 

t e l e m e t r y  and t r a j e c t o r y  d a t a  du r ing  t h e  f l i g h t  of t h e  t e s t  
v e h i c l e ,  p rocess ing  of d a t a ,  and i n s u r i n g  t h a t  s a f e  o p e r a t i n g  
c o n d i t i o n s  e x i s t  a t  a l l  t i m e s  is as s igned  t o  t h e  Commander, CRR. 

The r e s p o n s i b i l i t y  f o r  launching  tes t  v e h i c l e s ,  a c q u i r i n g  

During t h e  countdown and f l i g h t  phase of t h e  tes t  v e h i c l e ,  
t h e  Range Tes t  Conductor (TC) w i l l  o p e r a t e  the  Range Opera t ions  
Conference (ROC) n e t  and w i l l  c o o r d i n a t e  a l l  f u n c t i o n s  of t h e  
t e s t  w i t h  t h e  p roper  s e c t i o n  of Range Opera t ions .  The Range T e s t  
Conductor w i l l  have over  a l l  r e s p o n s i b i l i t y  f o r  a l l  phases  of t h e  
t e s t ,  except  Range S a f e t y  which is t h e  r e s p o n s i b i l i t y  of t h e  
United S t a t e s  A i r  Force and Canadian Army S a f e t y  O f f i c e r s .  The 
T e s t  Conductor w i l l  r e l a y  a l l  i n fo rma t ion  which is  of a u s e f u l  
and p e r t i n e n t  n a t u r e  t o  t h e  Range S a f e t y  O f f i c e r  (RSO) and t h e  
Range User Mission C o n t r o l l e r  (MC). This  i n fo rma t ion  w i l l  i n -  
c lude  t h e  countdown, system s t a t u s  in fo rma t ion  and t h e  cause  and 
d u r a t i o n  of any ho lds  which may occur  d u r i n g  t h e  tes t  countdown. 

Tiic 1SSO w i l l  c o o r d i n a t e  w i t h  t h e  Pad S a f e t y  O f f i c e r  (PSO) and 
t h e  F l i g h t  S a f e t y  O f f i c e r  (FSO) i n  c a r r y i n g  o u t  h i s  f u n c t i o n  and 
i n s u r i n g  t h a t  s a f e  c o n d i t i o n s  e x i s t  d u r i n g  t h e  countdown and 
launch of t h e  t e s t  v e h i c l e .  

1 . 2  General Countdown 

Time Event 

PI’-YO Day Begin nose cone and test v e h i c l e  bui ldup .  

F-5 Day  Nose cone h o r i z o n t a l  checkout  

F-3 D a y  F i n a l  test v e h i c l e  checkout  

F-1 Day T e s t  v e h i c l e  i n s t a l l e d  i n  launcher  

Nose cone v e r t i c a l  checkout  

T-480 Begin f u e l  s e r v i c e  

T- 40 5 Fuel  s e r v i c e  complete 

I T-240 Acid s e r v i c e  complete 

I T-210 F i r i n g  checks conducted 

T-180 F i n a l  i n s t r u m e n t a t i o n  check 
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T-150 

T- 90 

T- 60 

T-45 

T-35 

T- 10 

T- 5 

T- 3 

T- 2 

Begin f i n a l  arming 

F i n a l  arming complete 

Begin p r e s s u r i z a t i o n  

Move tower t o  f i n a l  l auncher  s e t t i n g  

S t a r t  f i n a l  p r e s s u r i z a t i o n  

P r e s s u r i z a t i o n  complete 

S t a r t  f i n a l  nose cone i n s t r u m e n t a t i o n  check. 

Top-of f p r e s s u r e  t ank  and s e c u r e  s y s  t e m  

A l l  Aerobee launch crew to  f a l l b a c k .  

T e s t  v e h i c l e  and payload "GO" 

T-15 sec. Manual boos t e r  arming ( i f  r e q u i r e d )  

T-0 FIRE 

T+270 sec. S u s t a i n e r  apogee 

T+450 sec. Severance 

T+540 sec. Hard body impact 

The payload w i l l  descend by pa rachu te  t o  a l and ing  i n  Hudson 
Bay. Recovery w i l l  be accomplished from the  water u s i n g  t w o  (2) 
a i r c r a f t  f u r n i s h e d  and ope ra t ed  by t h e  RCAF. I f  t h e  payload 
shou ld  land  on a land  a r e a ,  recovery w i l l  be accomplished u s i n g  
a Range h e l i c o p t e r .  

1.3 T e s t  Vehic le  D e s c r i p t i o n  

The Aerobee 150 Sounding Rocket is a f r e e  f l i g h t ,  l i q u i d  
p r o p e l l a n t  test  v e h i c l e .  The rocke t  is c y l i n d r i c a l  i n  s h a p e ,  15 
i n c h e s  i n  d iameter  and 293.65 inches  i n  o v e r a l l  l e n g t h ,  Three 
f i x e d  f i n s  are mounted 1200 a p a r t  on both  t h e  s u s t a i n e r  and t h e  
s o l i d  b o o s t e r  t o  provide  aerodynamic s t a b i l i z a t i o n .  The s u s  t a i n e r  
s t a g e  i t s e l f  c o n s i s t s  of a helium p r e s s u r e  t a n k ,  a f u e l  t a n k ,  an 
o x i d i z e r  t a n k ,  a p r e s s u r e  r e g u l a t o r  va lve  and o t h e r  a s s o c i a t e d  
plumbing. The s u s t a i n e r  engine o p e r a t e s  on a l i q u i d  p r o p e l l a n t  
which is  comprised of a n i l i n e  (AFNA) and f u r f u r y l  a l c o h o l  f o r  f u e l  
and i n h i b i t e d  r e d  fuming n i t r i c  a c i d  (IRFNA) as t h e  o x i d i z e r .  
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The boos te r  motor is  a f i n  s t a b i l i z e d ,  expendable s o l i d  
p r o p e l l a n t  rocke t .  I t  i s  c y l i n d r i c a l l y  shaped ,  weighs 595 pounds,  
and is  74 inches  i n  o v e r a l l  l e n g t h ,  Both t h e  s u s t a i n e r  and the  
b o o s t e r  are i g n i t e d  s imul t aneous ly .  The b o o s t e r  burns f o r  2.5 
seconds and then ,  because t h e r e  are no  p h y s i c a l  r e s t r a i n t s  between 
t h e  s u s t a i n e r  and t h e  b o o s t e r ,  i t  s e p a r a t e s  because of d r a g  and 
g r a v i t y  f o r c e s  and f a l l s  away. 

The s t anda rd  t e s t  v e h i c l e  has t h e  fo l lowing  we igh t s :  

256 l b s .  S u s t a i n e r  (empty) 

P r o p e l l a n t  and helium 1075.8 l b s .  

Loaded weight wi thout  payload 1331.8 l b s .  

Payload 123 l b s . .  

Nose cone 17 l b s .  

Total  s u s t a i n e r  and payload weight  1463.8 l b s .  

Boos ter  Weight 

TOTAL TEST VEHICLE LAUNCH WEIGHT 

D I MENS I ONS 

Nose cone l e n g t h  87.8 i nches  

Nose cone e x t e n s i o n  28 i nches  

To ta l  

595.0 l b s .  

2058.8 l b s .  

115.8 i nches  

S u s t a i n e r  l e n g t h  191.8 i nches  

Boos ter  l e n g t h  83.5 i nches  

TOTAL VEHICLE LENGTH 391.1 i nches  

Body diameter  15 i n c h e s  

F i n  span 46.8 i n c h e s  

General  performance charac te r i s t ics  of t h e  t e s t  v e h i c l e  are 

330s ter burnout t i m c  2.5 sec. 

S u s t a i n e r  burnout  t i m e  52.9 sec. 

a s  f o l l o w s :  ( For 87O launch e l e v a t i o n  e f f e c t i v e )  
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S u s t a i n e r  burnout  a l t i t u d e  142,300 f t .  

S u s t a i n e r  burnout  v e l o c i t y  6800 fps  

Time t o  apogee 240 sec. 

Time t o  impact 540 sec. 

Impact range 83 n a u t i c a l  m i l e s  

Apogee a l t i t u d e  156 s t a t u t e  m i l e s  

R o l l  ra te  2-i  >urnout  2.0 r p s  

1.3.1 Transponders and Beacons 

The range w i l l  f u r n i s h  an  AN/DPN-41 radar beacon and power 
supp ly  which w i l l  be c a r r i e d  by each  t e s t  v e h i c l e .  The Range w i l l  
a lso p rov ide  and o p e r a t e  a r a d a r  beacon checkout  conso le  which 
w i l l  be used d u r i n g  t h e  test  countdown t o  perform t h e  beacon checks.  

C h a r a c t e r i s t i c s  of t h e  AN/DPN-41 beacon are as f o l l o w s :  

Receiver  f requency range 2700 t o  2950 Mc 
Receiver  s e n s i t i v i t y  -45 dbm 

Type of s i g n a l s  r e c e i v e r  accep t s  t o  t r i g g e r  t r a n s m i t t e r :  

S i n g l e  p u l s e  0.25 u sec or g r e a t e r  d u r a t i o n  

Double p u l s e  

P u l s e  ra te  acceptance  

0.25 u s e c  d u r a t i o n  w i t h  a 
p u l s e  spac ing  of 3 u sec 

IO0 t o  2500 p u l s e s  or groups 
of p u l s e s  p e r  sec. 
More than  2500 p u l s e s  may 
cause  countdown. 

T r a n s m i t t e r  Frequency 2700 t o  2950 Mc 

T r a n s m i t t e r  peak power 50 w a t t s  minimum 

T r a n s m i t t e r  r f  p u l s e  w i d t h  075 u sec. 

A SARAH beacon may be c a r r i e d  i n  the  nose cone for a i d  i n  
payload recovery .  The beacon w i l l  t r a n s m i t  a t  a frequency of 243,o 
Mc . 

0 
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1 . 3 . 2  Command Cont ro l /Des t ruc t  System 

N o  f l i g h t  t e r m i n a t i o n  system o r  means of t e s t  v e h i c l e  
d e s t r u c t i o n  w i l l  be c a r r i e d  aboard t h e  t es t  v e h i c l e .  

1 . 3 . 3  Ordnance I t e m s  

A Beckman-Whitley d e s t r u c t i o n  u n i t  and 40 g r a i n  p e r  f o o t  
primacord w i l l  be used t o  s e v e r  t h e  payload and t h e  recovery  pack 
from t h e  tes t  v e h i c l e .  The dev ice  is ope ra t ed  by a G - - t i m e r  and 
has  a minimum f i r e  c u r r e n t  of  one (1) amp and a maximum n o - f i r e  
c u r r e n t  of 50 micro amps. This  dev ice  w i l l  a l s o  o p e r a t e  t h e  
pa rachu te  deployment mechanism . 

The only o t h e r  ordnance involved  i n  t h e  t e s t  v e h i c l e  is t h e  
s o l i d  boos t e r  and i g n i t e r .  

1 . 4  Summary of Range Resources U t i l i z a t i o n  

1 . 4 . 1  Summary of Frequency U t i l i z a t i o n  

Frequency Class  - U s e  T r a n s m i t t e r  Loca t ion  

155.01  MC - 155.4  MC U Mobile Radio Various 

166.425 Mc U Timing S i t e  2 

234.0  Mc U Telemetry T e s  t V e  h i c  l e  

243.0  Mc U SARAH T e s t  Vehic le  

*2700 Mc t o  2950 Mc U Radar S i t e  1 

*2700 M c  t o  2950 Mc U Beacon T e s t  Vehic le  

This  summary does no t  commit o r  d i c t a t e  i n s t r u m e n t a t i o n  f o r  
which f r equenc ie s  are i n d i c a t e d .  

* The s p e c i f i c  r a d a r  or r a d a r s  t o  be used on t h e  t e s t  and t h e  
beacon and radar t r a n s m i t  f r e q u e n c i e s  w i l l  be determined by t h e  
Radar Super in tendent .  Th i s  i n fo rma t ion  w i l l  be passed  when 
a u t h o r i z e d  by t h e  TC d u r i n g  t h e  tes t  countdown. 

1 . 5  Range User's R e s p o n s i b i l i t i e s  

The Range User is r e s p o n s i b l e  f o r  forwarding  any changes i n  
t h e  fo l lowing  in fo rma t ion  t o  CHO, USAF/OAR, a t  l e a s t  f i f t e e n  (15) 
d a y s  p r i o r  t o  t h e  test day: 
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I. RF f r e q u e n c i e s  

2. S u b c a r r i e r  f r equenc ie s  

3. S u b c a r r i e r  z e r o  and f i v e  v o l t  r e f e r e n c e  segments.  

The Range U s e r  is a l s o  r e s p o n s i b l e  f o r  f u r n i s h i n g  CHO a l i s t  
of a l l  Range User people  who a r e  a u t h o r i z e d  t o  r e q u e s t  materials 
and s u p p o r t  from t h e  CRR. 

The Range User is r e s p o n s i b l e  f o r  n o t i f y i n g  CHO of any 
changes i n  t h e  r e q u i r e d  s e r v i c e s  which are committed i n  paragraph  
#5.0 of t h i s  Opera t ions  D i r e c t i v e .  

Frequency c l e a r a n c e  f o r  a l l  a i r b o r n e  t r a n s m i t t e r  f r e q u e n c i e s  
have been ob ta ined .  I n  t h e  even t  of a change i n  an a i r b o r n e  
t r a n s m i t t e d  RF f r equency ,  t h e  Range U s e r  is r e s p o n s i b l e  f o r  ob- 
t a i n i n g  any necessa ry  c l e a r a n c e  f o r  t r a n s m i s s i o n  on t h i s  f requency .  

N o  d i g i t a l  c l o c k s  f o r  countdown are a v a i l a b l e  on t h e  CRR 
and t h e s e  w i l l  no t  be provided.  

2 . 0  DATA AND DATA INSTRUMENTATION 

2 . 1  Metric D a t a  - General 

A l l  metr ic  data  produced by t h e  s y s t e m s  on t h e  CRR w i l l ’ b e  
r e f e r e n c e d  t o  t h e  system g e n e r a t i n g  t h e  d a t a .  Radar data  is  
r e f e r e n c e d  t o  r a d a r  po in t -o f -o r ig in  and sound r ang ing  d a t a  is 
r e f e r e n c e d  t o  t h e  microphone array. Conversion of t h i s  d a t a  t o  
a C a r t e s i a n  c o o r d i n a t e  s y s t e m  w i l l  be accomplished d u r i n g  the  
d a t a  r e d u c t i o n  p rocess .  

2 . 1 . 1  Op t i c s  

N o  metric o r  e n g i n e e r i n g  s e q u e n t i a l  photography is a v a i l -  
a b l e  a t  t h e  CRR. For documentary o p t i c s  coverage ,  see paragraph  
2 . 4 .  

2 . 1 . 2  Pu l se  Radar 

S-band r a d a r s  w i l l  be used t o  s a t i s f y  t h e  requi rements  for 
metric d a t a  d u r i n g  t h e  f l i g h t  of t h e  v e h i c l e .  One S-band r a d a r  
w i l l  a t t e m p t  t o  lock  on t h e  a i r b o r n e  beacon p r i o r  t o  launch  and 
will t r a c k  t h e  t es t  v e h i c l e  from launch t o  l o s s  of s i g n a l  o r  i m -  
p a c t ,  Another r a d a r  w i l l  u se  the MK-51 o p t i c a l  d i r e c t o r  as an 
a c q u i s i t i o n  a i d  t o  allow t h e  r a d a r  t o  a c q u i r e  s k i n  t r a c k  of t h e  
t es t  v e h i c l e  as i t  emerges from t h e  launcher .  
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The s p e c i f i c  r a d a r s  which w i l l  be used d u r i n g  t h e  t e s t  w i l l  
be des igna ted  by t h e  CRR Radar Supe r in t enden t  and t h i s  i n fo rma t ion  
w i l l  be passed t o  t h e  T e s t  Conductor du r ing  t h e  test  countdown. 
Radar beacon checks w i l l  be accomplished a t  t h e  times i n d i c a t e d  
i n  t h e  t e s t  master countdown and beacon "GO-NO-GO" s t a t u s  w i l l  be 
passed  t o  t h e  Tes t  Conductor,  

The Aust in  Model POQ-A Automatic Data Recorder w i l l  be used 
as t h e  recori l ing source  :or p rov id ing  r a d a r  metric d a t a  from 
launch t o  impact. The au tomat ic  d a t a  r e c o r d e r  w i l l  r eco rd  t a r g e t  
p o s i t i o n ,  v e l o c i t y  components, and t r a j e c t o r y  ang le s  throughout  
t h e  f l i g h t  from both r a d a r s .  Ten d a t a  p o i n t s  pe r  second c a n  be 
recorded  on a t ime-shared b a s i s  between two r a d a r s  having  v a l i d  
t r a c k  of t h e  test  v e h i c l e .  

R e a l  t i m e  p r e s e n t  p o s i t i o n  of t h e  test  v e h i c l e  w i l l  be d i s -  
played on 30" x 30" p l o t t i n g  boards a t  t h e  r a d a r  s i t e .  Targe t  
p o s i t i o n  w i l l  be p l o t t e d  i n  t h e  form of X ve r sus  Y and H v e r s u s  
R.  In format ion  from any r a d a r  having v a l i d  t r a c k  of t h e  tes t  
v e h i c l e  w i l l  be p l o t t e d .  

Radar AGC v o l t a g e s  and "on t a r g e t "  i n d i c a t i o n s  w i l l  be re- 
corded a long  w i t h  2 pps t iming  on t h e  MASSA 8-channel paper  
r e c o r d e r  used i n  con junc t ion  w i t h  t h e  Automatic Data Recorder.  

2.1.3 Impact Loca t ion  - Sound Ranging 

The sound ranging  s y s t e m  a t  Twin Lakes w i l l  be o p e r a t e d  i n  
a n  a t t empt  t o  provide  missile nose cone impact l o c a t i o n  in fo rma t ion .  
Impact c o o r d i n a t e s  w i l l  be determined and f u r n i s h e d  t o  t h e  Range 
U s e r  i f  p o s s i b l e ,  however, because of t h e  long  range of t h e  r o c k e t  
and t h e  t r a j e c t o r y  which w i l l  be f lown,  no gua ran tee  of impact 
d a t a  can be made. 

2.2 Engineering S e q u e n t i a l  Photography 

I 

(See Paragraph 2.4) 

2.3 T e l e m e t r y  

2.3.1 Equipment and Data Commitment 

2.3.1.1 Equipment 

The m a i n  t e l eme t ry  s t a t i o n  i n  t h e  Opera t ions  Bu i ld ing  a t  
Launch, s i t e  #2, w i l l  be used t o  f u r n i s h  t e l e m e t r y  coverage on 
t h i s  t e s t  a long w i t h  t h e  CRR backup t e l e m e t r y  s t a t i o n  a t  Twin Lakes. 

The fo l lowing  equipment a t  Launch w i l l  be used t o  provide  
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t e l e m e t r y  coverage on t h i s  test and t o  s a t i s f y  t h e  Range U s e r  
r equi rements  : 

5 Disc r imina to r s  
1 T r i - h e l i x  Antenna 
2 Receivers  (1510-A or 1432) 
2 Sanborn Recorders 
2 Magnetic Tape Recorders (7- t rack)  
1 CEC Osc i l log raph  Recorder 

A d d i t i o n a l  equipment may be used f o r  backup purposes  or t o  
provide  redundant  coverage,  Dup l i ca t ion  of r e c e p t i o n  and record-  
i n g  is d e s i r a b l e  t o  i n s u r e  complete coverage.  

The Range backup t e l e m e t r y  s t a t i o n  a t  Twin Lakes w i l l  be 
ope ra t ed  on a b e s t  o b t a i n a b l e  basis  t o  cover  any d ropou t s  e x p e r i -  
enced a t  t h e  pr imary s t a t i o n  and t o  provide  backup coverage i n  t h e  
even t  of a mal func t ion  a t  t h e  main t e l e m e t r y  s t a t i o n .  

2.3.1.2 Data Commitment 

Telemetry coverage w i l l  be provided  from T-60 seconds t o  
t es t  v e h i c l e  impact.  

2.3.1.3 Except ions  t o  t h e  Range Users' Requirements - W.R. 

2.3.2 Real Time Opera t ing  Requirements 

2.3.2.1 Recordings 

Two (2) 7- t r ack  magnetic tape  r e c o r d e r s  w i l l  be used t o  re- 
cord  t e l e m e t r y  i n fo rma t ion  on these tests. T h i s  w i l l  p rov ide  
backup coverage i n  t h e  even t  of a r e c o r d e r  f a i l u r e  o r  mal func t ion .  
Two r e c e i v e r s  w i l l  be used t o  record  t h e  t e l e m e t r y  s i g n a l .  Only  
one (1) t e l e m e t r y  r e c e i v i n g  antenna w i l l  be used.  

The 7 - t r ack  magnetic t a p e  r e c o r d e r s  w i l l  be set  up w i t h  the 
f o l l o w i n g  r eco rd ings  made on t h e  d e s i g n a t e d  tracks; 

Track 

1. 
2. 
3. 
4. 
5. 
6.  

Record 

Voice anno ta t ion  and 100 K c  r e f e r e n c e  
Composite s i g n a l  from r e c e i v e r  #1 
S i g n a l  s t r e n g t h  from r e c e i v e r  #1 
Composite s i g n a l  from r e c e i v e r  #2 
"Speedlockft t ape  speed c o n t r o l  s i g n a l  
I R I G  B t i m i n g  
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7. S i g n a l  s t r e n g t h  from r e c e i v e r  #2 

S i g n a l  s t r e n g t h  of t h e  r e c e i v e d  t e l e m e t r y  s i g n a l  w i l l  be 
recorded  from each  of t h e  two t e l e m e t r y  r e c e i v e r s  u s i n g  an  FM 
s u b c a r r i e r  o s c i l l a t o r .  

The t r a c k s  which are d e s i g n a t e d  f o r  r eco rd ings  may be 
changed a t  t h e  Range Users' r e q u e s t  two (2) days i n  advance. 

2.3.2.2 C a l i b r a t i o n  

11-point d i s c r i m i n a t o r  band l i m i t  c a l i b r a t i o p  w i l l  be pro- 
v ided  p r i o r  t o  and i m m e d i a t e l y  fo l lowing  t h e  f l i g h t  of t h e  t es t  
v e h i c l e .  

2.3.2.3 Real Time Recordings - Quick Look 

R e a l  time reco rd ing  of a l l  d i s c r i m i n a t o r  o u t p u t s  w i l l  be 
made on t h e  CEC o s c i l l o g r a p h  paper  r e c o r d e r .  These w i l l  be 
a v a i l a b l e  f o r  qu ick  look a n a l y s i s  w i t h i n  one (1) working day 
a f t e r  t h e  launch of t h e  t e s t  v e h i c l e .  

2.4 Documentary Op t i c s  

8'' x 10" s t i l l  photography w i l l  be provided  on c a l l  through- 
o u t  t h e  program f o r  coverage of payload assembly,  checkout  and 
v e h i c l e  assembly. 

16mm camera coverage of t h e  launch  phase w i l l  be provided .  

3.0 SUPPORT INSTRUMENTATION 

3.1 Communications - General  

Communications between t h e  compressor room, p r e p a r a t i o n  a r e a ,  
blockhouse and launch bay w i l l  be provided  by an in te rcom.  

3.2 Radio 

The Frequency Cont ro l  and Analys is  F a c i l i t y  w i l l  be a v a i l -  
able t o  monitor radio frequency t r a n s m i s s i o n s  d u r i n g  the  t e s t .  
UHF communications wi th  t h e  r ecove ry  a i r c r a f t  w i l l  be a v a i l a b l e  
a t  r a d a r .  

3.3 Wire 

3.3.1 MOPS 

An intercom u n i t  w i l l  be provided  on t h e  U s e r s '  conso le .  
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P r e s e n t l y ,  no d i g i t a l  c l o c k s  a re  a v a i l a b l e  so  on ly  a s t a n d a r d  
12 hour c l o c k  w i l l  be provided f o r  t h e  User. The Range U s e r  
people  i n  t h e  launch bay and the compressor room w i l l  have 
communic*tions w i t h  t h e  MC on t h e  Range U s e r '  n e t .  

3.3.2 Telephone 

An in te rcom s y s t e m  w i l l  be a v a i l a b l e  t o  t h e  User between 
t h e  blockhouse,  Prep  Area and Launch Bay and Fa l lback  Area. 

3.3.3 Umbil ical  Cable 

Conductors and t e rmina l  boxes between t h e  launcher  and the  
t e r m i n a l  box w i l l  be provided i n  a s u f f i c i e n t  number t o  s a t i s f y  
any requi rements  of t h e  Range User. The i n s t r u m e n t a t i o n  c a b l e  
w i l l  c o n s i s t  of n i n e t y - s i x  (96) number s i x  (6) w i r e s  which w i l l  
t e r m i n a t e  a t  j u n c t i o n  boxes a t  the  launcher  bay and t h e  blockhouse.  

The Range User is r e q u i r e d  t o  f u r n i s h  t h e  c a b l e s  t o  complete 
t h e  connec t ions  i n  t h e  blockhouse from t h e  t e l e m e t r y  c o n t r o l  
conso le  t o  t h e  j u n c t i o n  box and from t h e  j u n c t i o n  box i n  t h e  
Aerobee launch bay t o  t h e  t e s t  v e h i c l e .  The c a b l e  r e q u i r e d  i n  
t h e  blockhouse should  be about  t e n  (10) f e e t  i n  l e n g t h ,  

3 . 4  Timiner 

Two d i f f e r e n t  t iming  formats  w i l l  be a v a i l a b l e  f o r  use  
d u r i n g  t h i s  t es t ,  These formats  are: 

I R I G  Format B - 100 pps 
I R I G  Format C - 2 pps 

Formats B and C are s t anda rd  I R I G  formats .  I R I G  Format C is  
2 8 - d i g i t ,  2 pps t iming  which is  imposed on a 100 cps  c a r r i e r .  
Format B is 3 6 - d i g i t ,  100 pps t iming imposed on a 1 K c  carr ier .  

The l i f t o f f  s i g n a l  w i l l  be superimposed on t h e  t iming  format  
and is i d e n t i f i e d  by an i n c r e a s e  i n  s i g n a l  ampli tude of about  
100%. This  l i f t o f f  s i g n a l  w i l l  appear  i n  t h i s  manner on each  of 
t h e  formats .  

The 100 pps t iming  w i l l  be s u p p l i e d  t o  a l l  magnetic t a p e  
r e c o r d s  and t h e  2 pps t iming  may be s u p p l i e d  t o  any paper r e c o r d s .  

Timing s y n c h r o n i z a t i o n  wi th  WWV is  accomplished u s i n g  t h e  
WWV b e a t  f requency  comparator ,  
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3 . 5  Sequencer 

i n i t i a t e d  manually by the  Range T e s t  Conductor from t h e  T e s t  
Conductor ' s  console .  

No sequencer  w i l l  be used.  The f i r i n g  p u l s e  w i l l  be 

3 . 6  V i s u a l  Countdown and S t a t u s  I n d i c a t o r s  

No d i g i t a l  countdown c l o c k s  a r e  a v a i l a b l e  a t  t h i s  t i m e .  Only 
s t a n d a r d  12-hour e l e c t r i c  c l o c k s  w i l l  be provided a t  t h e  block- 
house. A l l  s i t e s  w i l l  r e c e i v e  t h e  v e r b a l  countdown from t h e  T e s t  
Conductor. 

3.7 D a t a  Handling 

A l l  d a t a  produced by t h e  CRR w i l l  be forwarded t o  CHOE. The 
Range U s e r  w i l l  r e c e i v e  t h e  d a t a  from t h i s  agency. 

3 . 8  Command Cont ro l /Superv isory  Con t ro l  

No command or d e s t r u c t  s y s t e m  is c a r r i e d  by t h e  t e s t  v e h i c l e  
and no command o r  s u p e r v i s o r y  i n s t r u m e n t a t i o n  w i l l  be r e q u i r e d  
d u r i n g  t h e  t e s t .  

3.9 Other  Support In s t rumen ta t ion  

The Range User w i l l  o p e r a t e  a t e l e m e t r y  checkout  conso le  i n  
t h e  blockhouse.  

4.0 MATERIAL AND SERVICES 

4 . 1  S e r v i c e s  - General  

4 .1 .1  Power 

115-vo l t ,  60-cps power w i l l  be provided  i n  the  nose cone 
p r e p a r a t i o n  a r e a  and i n  t h e  blockhouse,  Th i s  w i l l  c o n s i s t  of one 
30 amp s e r v i c e  and  t h r e e  1 5  amp s e r v i c e s  a t  t h e  ;-lockhouse. 

4 .1 .2  Food Se rv ices  and Accommodations 

The Range w i l l  a r r ange  f o r  accommodations f o r  t h e  Range 
U s e r  people .  The Range w i l l  a l s o  a r r a n g e  f o r  Launch S i t e  food 
s e r v i c e .  24-hour n o t i c e  of t h e  number of meals r e q u i r e d  a t  t h e  
Launch S i t e  by Range User people  must be g iven .  Th i s  i n fo rma t ion  
should  be given t o  PAA Opera t ions  Manager, Phone Number 548. 

4 . 1 . 3  F i r e  P r o t e c t i o n  

Normal f i r e  suppor t  w i l l  be provided  on the  launch pad. I n  
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a d d i t i o n ,  one f i reman w i l l  s t a n d  by on t h e  pad t o  s u p p o r t  
ordnance i n s t a l l a t i o n  and o t h e r  hazardous d u t i e s ,  

4.1.4 Medical S e r v i c e  

A F i r s t  Aid At tendant  and ambulance w i l l  be a v a i l a b l e  
24 hours  a day. 

4.1.5 Guards and S e c u r i t y  

The Range w i l l  p rovide  guard s e r v i c e  a t  t h e  e n t r a n c e  t o  t h e  
launch  area and w i l l  c lear  t h e  a r e a  i n  accordance w i t h  t h e  pub- 
l i s h e d  Range S a f e t y  P l a n  a t  t h e  t i m e  i n d i c a t e d  i n  t h e  launch 
countdown. 

4 . 1 . 6  Pad S e r v i c e s  and Engineer ing  

H o r i z o n t a l  and v e r t i c a l  checks w i l l  be performed d u r i n g  t h e  
tes t  countdown, 

4 . 1 . 7  Water - N.R. 

4.1.8 Survey - N.R. 

5.0 TRANSPORTATION LOGISTICS 

5.1 Sur face  

5.1.1 Personnel  

D a i l y  bus s e r v i c e  is a v a i l a b l e  from t h e  base  t o  t h e  launch 
s i t e  and back. 

"On ca l l "  t a x i  s e r v i c e  w i l l  a lso be made a v a i l a b l e  between 
launch  s i t e  and t h e  base on a 24-hour s e r v i c e .  Two personnel  
c a r r y i n g  v e h i c l e s  w i l l  be a v a i l a b l e  f o r  t h e  u s e  of t h e  Range Users. 

5.1.2 Cargo 

CRR w i l l  p rovide  f o r  t h e  unloading  and t r a n s p o r t  of the  
v e h i c l e s  and checkout equipment t o  t h e  Range. CHO w i l l  be 
n o t i f i e d  24 hours  p r i o r  t o  suppor t  t i m e .  

5 .2  A i r  

5 . 2 . 1  Personnel  

No Range U s e r  pe r sonne l  can be a u t h o r i z e d  t o  accompany the  
RCAF a i r c ra f t  t o  be used dur ing  t h e  s e a r c h  and recovery o p e r a t i o n .  



5 . 2 . 2  Other 

After  r ecove ry ,  t h e  payload w i l l  be d e l i v e r e d  t o  t h e  
P r o j e c t  O f f i c e r  i n  t h e  nose cone p r e p a r a t i o n  area. 

6.0 RECOVERY 

6 . 1  N o r m a l  

During nose cone d e s c e n t ,  a t  about  250,000 f e e t  a l t i t u d e ,  
t h e  a f t  i n i t i a t o r  i s  f i r e d ,  i n i t i a t i n g  t h e  a f t  pr imacord.  The 
primacord s e p a r a t e s  t h e  payload from t h e  t e s t  v e h i c l e .  The pay- 
load  w i l l  then tumble i n  a f l a t  s p i n  a t t i t u d e  u n t i l  an  a . l t i t u d e  
of about  18,000 f e e t  is reached ,  a t  which t h e  pa rachu te  deployment 
sequence begins .  The p i l o t  chu te  is deployed t o  s t o p  payload 
tumbling,  The main chu te  is  then  opened, d e c e l e r a t i n g  t h e  payload 
t o  a mean descen t  v e l o c i t y  of 25 f e e t  p e r  second. 

The payload w i l l  c o n t a i n  t h e  fo l lowing  recovery  a i d s :  

A.  A SARAH beacon which w i l l  t r a n s m i t  on a frequency of 
243.0 Mc and f u r n i s h  a homing s i g n a l  f o r  t h e  r ecove ry  
a i r c r a f t ,  

B.  An S-band Radar beacon t o  f u r n i s h  f i n a l  impace l o c a t i o n  
informat ion  from r a d a r .  

7 .0  DATA PROCESSING AND DISPOSITION 

7 . 1  General 

A l l  data produced by t h e  C h u r c h i l l  Research Range w i l l  be 
turned  over  t o  CHOE. The Range U s e r  w i l l  o b t a i n  a l l  d a t a  from 
CHOE . 
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8.0 FACILITIES 

8 .1  F a c i l i t i e s  - General 

(1) Storage  f o r  equipment c ra tes  of about  200 s q u a r e  f e e t  
w i l l  be provided. 

(2) A p r e p a r a t i o n  area of about  300 s q u a r e  f e e t  f o r  nose 
cone assembly and checkout  w i l l  be p rov ided ,  A rope h o i s t  o r  
e q u i v a l e n t ,  capable  of l i f t i n g  500 l b s .  w i l l  be provided  by t h e  
Range. 

(3)  A hazardous storage area f o r  t h e  motor ,  i g n i t e r  and 
s q u i b  w i l l  be provided.  

(4) Space w i l l  be provided f o r  t h e  payload checkout  c o n s o l e ,  

9.0 RANGE SAFETY 

9 . 1  Range S a f e t y  O f f i c e r ' s  R e s p o n s i b i l i t i e s  

Overa l l  range s a f e t y  is t h e  r e s p o n s i b i l i t y  of t h e  United 
S t a t e s  A i r  Force and Canadian A r m y  S a f e t y  O f f i c e r s .  F i n a l  
approval  f o r  f i r i n g  w i l l  rest  wi th  t h e  Range S a f e t y  O f f i c e r  (RSO). 
The RSO w i l l  c o o r d i n a t e  w i t h  t h e  Pad S a f e t y  O f f i c e r  (PSO) and the  
F l i g h t  S a f e t y  O f f i c e r  (FSO) i n  c a r r y i n g  o u t  h i s  f u n c t i o n  and 
i n s u r i n g  t h a t  s a f e  c o n d i t i o n s  e x i s t  d u r i n g  t h e  countdown and l aunch  
of  t h e  tes t  v e h i c l e .  I f ,  a f t e r  e v a l u a t i n g  t h e  i n p u t s  a v a i l a b l e  
t o  him, t h e  RSO f e e l s  t h a t  s a f e t y  of pe r sonne l  o r  equipment would 
be endangered, he has  t h e  r e s p o n s i b i l i t y  of c a l l i n g  a hold a t  
any t i m e  du r ing  t h e  range countdown. The countdown w i l l  n o t  be 
resumed u n t i l  c l e a r a n c e  t o  proceed has  been g iven  By t h e  RSO. 
Canadian S a f e t y  O f f i c e r  has  f i n a l  NO-GO a u t h o r i t y .  

8 . 2  Pad S a f e t v  O f f i c e r ' s  R e s D o n s i b i l i t i e s  

The Pad S a f e t y  O f f i c e r  (PSO) is  t h e  Range S a f e t y  O f f i c e r ' s  
r e p r e s e n t a t i v e  i n  t h e  launch area complex. H e  i s  r e s p o n s i b l e  
f o r  c o o r d i n a t i n g  and e n f o r c i n g  range s a f e t y  p o l i c y  and keeping  
t h e  RSO informed of a l l  a c t i v i t i e s  c a r r i e d  on a t  t h e  launch  
complex. Any checks ,  p rocedures ,  o r  l a c k  of such which w i l l  re- 
s u l t  i n  t h e  deg rada t ion  of o v e r a l l  s a f e t y ,  w i l l  be immediately 
brought  t o  t h e  a t t e n t i o n  of t h e  RSO, 

9 . 3  F l i g h t  S a f e t y  - - O f f i c e r ' s  -~ R e s p o n s i b i l i t i e s  

The F l i g h t  S a f e t y  O f f i c e r  (FSO) is t h e  Range S a f e t y  O f f i c e r ' s  
r e p r e s e n t a t i v e  r e s p o n s i b l e  f o r  s u r v e i l l a n c e  of a i r  and sea areas 
b e f o r e  and dur ing  t h e  conduct ing  of t e s t  v e h i c l e  o p e r a t i o n s .  I n  
accomplishing t h i s  d u t y ,  t he  FSO w i l l  work i n  c l o s e  c o o r d i n a t i o n  
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w i t h  RCAF, CA(R), and DOT personnel .  I f ,  a t  any t i m e ,  a i r  or 
sea t r a f f i c  is such  t h a t  t h e r e  is danger t o  pe r sonne l  o r  equip-  
ment,  t h e  FSO w i l l  so inform the  RSO who may t a k e  a c t i o n  t o  h a l t  
t h e  Countdown. The FSO is  a l s o  r e s p o n s i b l e  f o r  v e r i f y i n g  t h a t  
t h e  missile iinpact occu r s  w i t h i n  t h e  Range boundar ies .  

The FSO w i l l  a lso monitor  a l l  f u n c t i o n s  of t h e  recovery  
o p e r a t i o n  and a s c e r t a i n  t h a t  no unsafe  procedures  are used 
d u r i n g  t h i s  o p e r a t i o n .  

9 . 4  S a f e t y  Cr i t e r i a  
( 1 ) a f e t y  
When Range-personnel a r e  r e q u i r e d  t o  p a r t i c i p a t e  i n  

t h e  p r e p a r a t i o n  of a v e h i c l e  f o r  l aunch ,  such  pe r sonne l  w i l l  
adhere i n  every  a s p e c t  t o  t h e  e s t a b l i s h e d  s a f e t y  procedures .  The 
Range U s e r  w i l l  e n s u r e  t h a t  on ly  e s s e n t i a l  pe r sonne l  are p r e s e n t  
i n  t h e  launch area and t h a t  t h e s e  pe r sonne l  w i l l  comply w i t h  
d i r e c t i v e s  i s s u e d  by t h e  Pad Sa fe ty  O f f i c e r  i n  t h e  i n t e r e s t s  of 
pad s a f e t y .  

(a)  The Pad S a f e t y  O f f i c e r  w i l l  ensu re  t h a t  t h e  number of 
pe r sonne l  i n  t h e  launch a r e a  i s  k e p t  t o  a minimum c o n s i s t e n t  
w i t h  s a f e  o p e r a t i o n s .  

(b) H e  w i l l  ensu re  t h a t  f i r e  su,pport is s t a n d i n g  by d u r i n g  
p r o p e l l a n t  t r a n s f e r  t o  o r  from s t o r a g e  t a n k s ,  whi le  p r o p e l l a n t s  
a r e  aboard a l i q u i d - p r o p e l l a n t  v e h i c l e ,  and when a s o l i d  pro- 
p e l l a n t  v e h i c l e  is w i t h i n  t h e  a r e a  and work is  be ing  performed 
upon it .  

(c)  The Pad 'Supervisor  w i l l  ma in ta in  c l o s e  c o o r d i n a t i o n  
w i t h  t h e  T e s t  Conductor concerning p o l i c i e s  and procedures  and 
w i l l  n o t i f y  him immediately of any hand l ing  mal func t ion  o r  o t h e r  
i n c i d e n t  c r e a t i n g  o r  c o n t r i b u t i n g  t o  a hazardous c o n d i t i o n .  H e  
w i l l  c a l l  f o r  a hold i n  t h e  countdown when such  a c t i o n  is i n  t h e  
i n t e r e s t  of s a f e t y  or r e l i a b i l i t y ,  or when d i f f i c u l t y  i s  en-  
coun te red  i n  t h e  p r e p a r a t i o n  of t h e  v e h i c l e  f o r  launch.  

(d) H e  w i l l  be r e s p o n s i b l e  f o r  t h e  i n s p e c t i o n  and moni tor ing  
of e l ec t r i ca l  connec t ion  of a l l  py ro techn ics  w i t h  t he  launch area. 

(e )  Whenever a v e h i c l e  i s  r a i s e d  from a h o r i z o n t a l  p o s i t i o n  
t o  t h e  s p e c i f i e d  e l e v a t i o n  f o r  launch ,  a l l  nof i -essent ia l  pe r sonne l  
w i l l  l e a v e  t h e  launch Zrea while  t h i s  work is  be ing  performed. 

( f )  During s q u i b  i n s t a l l a t i o n ,  Pad S a f e t y  O f f i c e r  and Pad 
S u p e r v i s o r  w i l l  be t h e  on ly  personnel  i n  t h e  launch a r e a .  A f t e r  
i n s t a l l a t i o n ,  t h e  Pad S a f e t y  and Pad Supe rv i so r  w i l l  p e r s o n a l l y  
v e r i f y  t o  Range S a f e t y  t h a t  t h e  launch area is  clear  of a l l  
pe r sonne l .  F a i l u r e  t o  do t h i s  w i l l  s t o p  t h e  countdown. 
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( g )  Afte r  t h e  Pad S a f e t y  O f f i c e r  r e p o r t s  t h e  launcher  is 
c l e a r ,  no person w i l l  be allowed t o  l eave  t h e  blockhouse u n l e s s  
s p e c i f i c a l l y  au tho r i zed  by t h e  Range S a f e t y  O f f i c e r .  

NOTE: Visua l  warning dev ices  are n o t  i n s t a l l e d .  
(2) F l i g h t  S a f e t y  
Mandatory ltNO-GO'l 

(1) Anytime p r e d i c t e d  impact is n o t  w i t h i n  t h e  

(2) Anytime t h e r e  is no way t o  v e r i f y  impact.  
(3) S u r v e i l l a n c e  r a d a r  is i n e f f e c t i v e .  
(4) A i r c r a f t  on t h e  Range. 

Range boundary. 

Recommended "NO-GO" 

(1) Sound ranging  i n e f f e c t i v e ,  one t r a c k i n g  r a d a r  
o p e r a t i o n a l  wi thout  beacon and o p t i c s  are 
i n e f f e c t i v e ,  because of l o w  c e i l i n g  and/or 
poor v i s i b i l i t y ,  

Marginal c o n d i t i o n s  f o r  llGO" - "NO-GO" 

(1) Sound r ang ing  i n e f f e c t i v e ,  one r a d a r  i n  w i t h  
o p e r a t i o n a l  radar beacons,  b u t ,  i n e f f e c t i v e  
o p t i c s .  

Low c e i l i n g  is 1,500 f e e t  or below and poor v i s i b i l i t y  
e x i s t s  when t h e  launch area is no t  v i s i b l e  through t h e  o p t i c a l  
t r a c k e r  from r a d a r .  

(3 )  Range S a f e t y  
The Range S a f e t y  O f f i c e r ' s  d e c i s i o n  t o  launch  

can  be ove r ru l ed  by t h e  Canadian S a f e t y  O f f i c e r .  
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